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PREFACE. 



Two warks are at present before the public under the 
same title as I have chosen for my little Tolame^ both of 
which have been extensively circulated^ and are in the 
hands of most individuals to whom such works are useful 
or interesting. But it has been a matter of regret, that 
neither possess those qualifications which it might be ex- 
pected would be found under such a title. It is, however, 
to be said> that the writers were almost the first on whom 
the task of research and arrangement had devolved, and 
that, out of the crude and undigested materials, it was 
somewhat difficult to form any regular well<<>onstructed 
detail 

But admitting the difficulty, I am sorry to say that 

Partington's History of the Steam Engine lias scarcely one 
excellence which can be praised, excepting its most elegantly 
finished engravings. The work itbeil possesses 'little or no 
originality ; and such parts of it as are iiiteresting, are 
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borrowed from other sources, and 1 grieve when I add, 
in many instances, copied verbatim therefrom, witiiout the 
most obscure hint that they are any thing but original. 

Stuart's History of Steam Engines is of a much higher 
character. The work throughout is, evidently, the result 
of long and persevering industryj and has been the means 
of making the public masters of much useful knowledge 
which had been previously beyond their reach. This 
qualification alone entitles the author to our warmest 
thanks ; and there is no doubt that its utility has been 
estimated by the thousands of persons to whom his channels 
of information were inaccessible* 

But even in this there are many pr#minent defects^ 

most of which may be atti ibuled, as I have said, to the 
difficulties under which he laboared. Many of the diagrams 
Iiave scarcely any resemblance to the machines they are 
intended to represent; and the author^ following too closely 
a maxim of his — " that a line of engraving is worth pages 
of letter-pressj" has Mt the reader to discover the 
principle of many of the machines, by little else than the 
engraving itself. Some of the most important inventions 
of Watt are passed over in a most careless way ; as, for 
ittsianco, his sun and planet wheels, and parallel motion, 
neither oi which are so explained as to instruct any one 
further than they have been previously informed elsewiiere: 
the author being cunieated, iji place of these investigaiionM^ 
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to extract from other works a biographical sketch of tiua 
great man's If ie, ancl eonelade H by the eloquent and im- 
{uressive eulogium on his ciiaracter, by Francis Jeii'reys ; 
interesting and excellent I grant, but not of such im* 
portauce as to take the place of descriptions of steam 
machinery, in a work avowedly a history of such inventions, 
and not of the inventors. 

The plan 1 propose to adopts to avoid these delects, 
is, to confine myself entirely to the detail of such dis- 
coveries as have been useful, or such as, not being useful 
in themselves, yet have contributed to our advancement in 
knowledge and experience on this important subjec t . I slmli 
endeavour to expunge or slightly notice those which have 
been old ideas re-modiiied, or which have exiiited no where 
but in the brain of the unpracticed projector. 

One thing 1 will do, which 1 am sure must prove satis- 
factory and beneficial, that is — ^by research among enrolled 
specifications of patents, lay before the public a mass of 
knowledge of which they are not possessed. In this part 
of the work no expense has been spared, and 1 trust that 
this addition to the history will prove highly entertaining 
and useful. 

The description of my own invention will be tound in 
its proper place. This engine, though of course in my 

opinion the best^ should not, in the History oi the Steam 
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Engine^ occupy any other situation than that to which its 
date entitles it. I there giye the ground of its siiperiority 
and such an enlarged detail as to make it fully understood; 
and, if it be possible for an inventor to give an unprejudiced 
description of his own discoveries^ I endeavour, as aiaitbiid 
historian, candidly to examine its merits. 



46, London Road, 
29rd May, 18M. 
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.CHAPTER L 

eONT£NTft. — THE PROPERTlEi OV STEAM OISCOVERBD BY ACCIDBMT.— UEEO« 
TEC CI.OE1t.~DE CAfftf CWOIirB. — ^CBAWCA/— WAR^It OV WOECBmit.— 

Dtt. PAPIN's KXPERIMEITTS. — IMVEWTIOBf OP THE SAFETY VALVE. — »AVERY'<I 
ENOINK ; PAPIW'S THPROVEMF^NT. — VFWCOMEN'b fiXIPEaUlBim* — CUM* 
PBEET FOITBB. — BEUaHTON 8 IJIPaO V JiMENTS. 

Tbb early blstory of the Steam Engine in involved m great 

obecarity, Notwitbataading man^ able diaqoiaitioaa In tbe endea* 

Toar to discover to whom tbe merit of first inventor is doe* nothing 
satisfactory has been developed iu tbe enquiry. It is singular^ that 
until steam had arrived at, some degree of perfection, as a mechanical 
agent, almost everyone who made any slight improvements, laid claiiu 
to the rank of first discoverer. Thus diOereut nations in Europe have 
set up different individuals as the persons to whom the honour should 
be awarded. Among aoch a variety of daims it is difficult to decide; 
we sballj therefore, content onraelvea by eipressiog our opinion^ 
that tiie elastic properties of steam have been known from the first 
dawn of civilization. The probability is, that the discovery was 
owing to the bursting of some culinary vessel, the mouth of which 
had been closed tlirough ignorance of the efi'ect which would thereby 
be produced. Indeed, it was impossible for mankind to have remained 
unacquainted with this property of vapour after hot waLei had been 
need for any purpose. 

Bnt tbe first individnal on record who applied this known pro- 
perty to produce any effect, appears to ha? e been Hero, the elder, 
an Alexandrian, who flourished about ISO years before the Christian 
era. In his work, entitled Spiritalia, among other ingenious disco- , 
veries, he describes a machine to which motion is to be given by the 
force of steam. It consisted of a hoUow globe, having tubular arms 
running in opposite directions. These tubes had an opening at 
different sides near their extremity. The globe was suspended npon 
centres^ fixed vpon pillars. One of those piUars was bollow» as also was 
one of the centres. Steam was introduced from a cauldron, or heated 
vase, which, issuing through the hollow column and centre into the 
globoj and so through the arms into the open air^ produced a rotatory 

n 
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motion, in the same mauoer as water produces that of Barker's mill. 
This invention being the fintio wUch ileuB waiemploved u «a agenr, 
wtitlM Hbbo to the bononr which has been the ■nlgect of lo aiaeli 
dispnte. 

In the dark ages which sacceeded the overthrow of the empires 
of Greece and Rome, history furnishes no instance of an attempt to 
nse the powerful agency of steam, until the year 15fJ0, when one 
Mathesins suggests the practicability of a plan by which it could be 
employed. In* Leipsig, a maehiae, upon a similar plan to that of 
Hero's, was proposed to be snbstitotea for the tornspit-dog, then in 
nse. 

Up to this date we cannot trace any tiling important relative to 
the application of steam, excepting what we have already statefl. 
We are uuable, at this remote period, to form any idea as to the 
originality of the plans which have been named. It is impossible to 
state whether they were descnptioiis of what was generally known, 
or they were the invention of those by whom they were dained. 
Nor shoald our readers be snrprised at the obscority in which these 
matters are involved, when we reflect, that there is frequently great 
difficulty, even at the present day, in deciding who are the inventors 
of the most meritorious productions. 

Having briefly stated what is recorded respecting the earlier 
history of the steam engine^ when It had more the character of a 
pUloBophic toy than any thing truly useAd^ we come to speak of the 
mit itleaipt towards its ndopikm u n pewerfhl agent. 
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•> Irlft deioribei in a wark by SokiMB da Cast, aa aatiaaat Freack 
Matbematiciaft and aafuiacr* pablished in 1615, entitled " Lea Ral? 
aaos des Force mouvantes avec divers Desse'ms de Fontains.*' 

The following description will explain the principle of his inrentlon. 

« is a spherical vessel, placed over a firej it is furnished with 
iH'o pipes, 6 The pipe e Is open at the top, aad reaches down 
to the bottom of the vessel a. The pipe b is furnished with a cock 
dt aad fsmici c. The vesael being filM with water^ and fire applied^ 
atoaai la apaedily geaerated apon tIaiarfiNDa of tlM watar^ and haybf 
BO otbar way to aicapej tba coeic d being stopped, presses on tha 
surface, and ao forces it up the tube e into ue air, causing a jat^ 
wbich varies in proportion to the elasticity of the steam within. 

De Caus appears, also, to have been aware that a vacuum could 
be obtained by the condensation of steam, but we have no opportu- 
nity of knowing whether he ever thought of using it as a means of 
iacfaaaing tha power of bis machine. 

The eagiae which nait damanda oar afttantkm, bolh on accoani 
of its importance and date, is that invented by Giovanni Branca, aA 
Italian mathematician, who resided at Rome, al tho commencement 
of the seventeenth century. We are indebted for onr knowledge of 
this machine, to his own account, published in 16'29. The drawing 
which he there furnishes must be understood rather as an ornamental 
illustration of his plan, than as the form in which it was actually 
aoMlraotod: we have, therefore, given one which wa conceive to bf 
nam maiatent with the end he proposed to effect by ita uae. 




The boiler of this engine is represented by «; b is the fire 
grate; c a small pipe, provided with a stop cock/j is a wheel 
furnished with vanes j e is a crank which gives motion, through the ^ 
medium of tlie connecting rod, to a stamper for pounding drugs. 
The principle of action |s this : — fitea^^ is generated in the boiler^ 
and mahea violently against the vanea, which caTsea the wheel to 
lopolvei and thna produces a reciprocation of the rod and stamper. 

This invention had remained unnoticed but by the learned^ nntii 
lha laat few years. It was recently described by Partington^ in hia 

B 2 
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HUtory of tlic Steam Engine, wlio jr^es so fnr as to allow Sranca 
the merit of the firs t idea. We believe our readers will perceive that 
to this honour Braiica has no claim. His engine is on the same 
principle as Hero's, only differently moditied. Its ingenoity is de- 
cidedly inferior to its prototype, both in simplicity and effSeet. 

But of all the varions applicatioiis of the elastic force of alean, 
aone have stood ao high iu public estimation as a brief descripttott 
of *' a fire water-work,^ contained in the Marquis of Worcester*! 
celebrated "Century of Inventions," dated ; the o^g^nal manu- 
script of which is preserved in the British Musetun. The foiiowing 
is the marquis's own description :— 

An admirable aud most forcible way to drive up water 
by fire, not by drawing or sndnng it upwards, for that most be, as 
the pUlosopher calls it, h^fia tphmam «0fieitaljr, which is bat at 
eneb a distance. But this way hath no bounder. If the Tcssels be 
strong enough; for I have taken a piece of a whole cannon, whereof 
the end wnsbnrPt^ and filled it three-quarters full, stoppin<y and screw- 
ing up the broken end, as also tlic loticb-hole, and makin^^ n constant 
fire under it; within twenty-four iiours it burst, and made a great 
crack j so that haviug found a way to make my vesiiels, so that they 

are strengthened by the force within tbeoij aim the one to fill after 
the other, I haTe seen the water ran like a constant fonntaln-atream 

forty feet high ; one vessel of water, rarified by fire, driveth up forty 
of cold water; and a man that tends the work, is but to turn two cocks, 
that one vessel of water being consumed, another begins to force and 
refill with cold water, and so successively, the fire being tended, and 
kept constant, \vliich the self-same person may iikewibe abundantly 
perform in theinteiim, bptweentheucces&ityof tnroingtbe said cocks." 

From this account Dr. Robinson founds an opinion, that the 
steam engine was, beymid all donbt, the invention of the Marqius of 
Worcester." It is probable that the learned doctor was unacquainted 
with De Caus' and Branca's previous experiments or be could not 
have come to this conclusion. But whilst we cannot admit the mar- 
quis to be entitled to the es^travagant encomiums which have been 
lavished upon him, we are far from disallowing his invention to pos- 
sess merit aad originality. The annexed drawing we consid^ to be 
a fiur representation of the engine, acooffdbj^ to £e nian|nia*s inten- 
tion and descriptioo^ fiilfiUIng the conditions of the tmgm, md 
90 more. 

Let a a represent two vessels (one of them in section) , c c two 
funnels, furnished with stop cocks; b a pipe, reaching down to the 
bottom; a similar pipe extends to the bottom of the other. Both 
these pipes are connected with a perpendicular tube e, which is 
continued above the top of the cistern or reservoir d. It is there 
beat so that the month shall be directed to the Interior of thedttent* 
Let ns now examine the operations of this engine. 

We will suppose the vessel, of which we have given the section, 
to be filled with water through the funnel c. The cock of that funtiel 
is then closed, as also the cock e of the other vessel. The fire is then 
lighted under the first vessel^ and as soon as a safficiency of vapour is 
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htaud, tlM oodc e of tbis vessel is opened. The elastidty oTUm stotot 

acts upon tbe surface of the water, which^ finding an escape throusb 
the pipe b e, roshes rapidly upwards into the cistern d. During the 
performance of this operation " the man that tends the work" fills 
the other vessel with cold water, and applies the fire to it also, so 
tluit by tho time tbe first is exhausted^ the other, upon charging the 
Mry oodn, " begins toibroe aod refiUy*' tbat it^ repeai ikt 




By this reading of the marquis's project we have a very feasible 
and ingenious machine for raising water. It is evidently an improve- 
ment on De Caus' engine, and the application of another vessel con- 
stitutes this improvement. It has been the marquis's design, by the 
addition, to save dM time wbieli was lost between tbe exbanstioB 
and ve-aetioii of a single vessel, aad tbis be effects by tbenseof tiie 
two vessels. 

There can be no doubt but the Marquis of Worcester was 
aware of the plan proposed by De Causj we have, therefore, to 
regret the want of candour which made him put forth the " fire water 
work" as his original invention) making this deduction from bis 
merit as a man, we feel ourselves boend to awsfd Idm a greater per* 
lioB of approbatioB tbaa some writers bave been indined to allow wm. 

About the year 1680, Pr. Denys Flspia, a native of Blois, com- 
jMvced a series of experimeiits on tbe power of stcam^ wbicb tntmi* 
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sated in the construction of an usefol and iugeutons macliMt A 
description of which we will speedily give, in 1684 he bad discorered 
the method of dissolving bones by steam of a very high pressure and 
tecoperature^ and in this invention introdnced that simple but in* 
tepatable accompaniment of every steam engine, THE SAFETY 
VALVE. This invention (without which steam would^ long ere 
tkiij have been abandoned aa a meit daageimis and nngomraaWb 
ageat^) entitles Papin to nnivenal admiratien } liaee it kaa oonlributed 
more than any single addition or impvovement to the matority of the 
steam engine. 

The course of Papin's experiments occupied a nninber of years ^ 
and ill their progress many ideas occurred to him which have siiice 
been adopted as the most important improvements. His earliest 
project was that of using an air pump, for the purpose of transmitting 
power to some distance in order to raise water where the first mover 
conld not be conveniently applied. For iastanee> where a fall of 
water could be obtained, ne proposed to erect a water wheel, which 
should work an air pump. This air pump tie intended to connect by 
pipes with another pump at the place where the mine was situated. 
When by the cranlv on the water wheel the piston of one pump was 
depressed, the air in the pipes would be condensed, and force up the 
piston of the other cylinder ; and when the piston of the first cylinder 
was elevated, that of this second would h6 drawn down by partial 
vaconm which the elevation produced. This experiment failed even 
in a model ; and Papin directed his studies to the discovery of some 
means of forming a vneunm nnder his piston. In \68S he described 
a method of effecting this by hrst displacing the air by exploding 
gunpowder,. This he abandoned as dangerous; and, filially, after 
various experiments and failures, in 1690 he suggested the employ- 
ment of tteam for raising the piston, and afterwards forming a Yacnam 
in the cylinder by its condensation. He statee—^' thai in a little 
water, cnanged into steam by means of fire^ we can have an elastic 
power like air; but that it totally disappears when chilled, and 
changes into w?\fer, by which means ho perceived, that he could 
contrive a machine in such a manner tlmt with a small fire he could 
be able, at a trifling expense, to liave a perfect vacmim." After 
noticing the difficulty of making a vueuuui by gunpowder, he observes, 
" where there may not be the coavenleacy of a near river to turn the 
alsreiaid engine, 1 propose alternately turning a mrntU surfaced 
water into vapour by fire* applied to the bottom of the cyliader which 
contains it: which vapour forces op the plug or piston in the cylinder 
to a considerable height, and which, as the water cools when taken 
from the hre, descends again by air 's pi cssBre* and is applied to raise 
water out of the mine." 

This, as far as discovery goes, entitles Papin to the merit of 
hnving first Invented the w^l kneani Atmospherte Steam Enghws 
and; probably, had he fallowed np the idea by actual expcrimcnt» we 
woidd have had to record him as the man who first brought it into 
spiocessliil operation : but the greatest merit is not always dae to the 
iimtor. TiMMands of the most brilliant discoveries have perished 
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Air wAttl of indnstry or taleat to fbstor tiMib. He owft who fint 
iiiT6iitli aad afterwarai strogglM Aroagh ereiy cUfioolty, tad li^r the 
creaCeal ■acrificea and perseverance brings it into actnal practice, per- 
haps oatalept the projector of the moat refined contciTanoa of which 

liistory can boast. 

Whilst Papin was prosecuting these interesting experiments, a 
sea-faring man, named Captain Savery, was engaged in England, ia 
endeavoaring to bring into notice an engine of his invention, wbich 
poiaesfled great oMrit. The deaeriptioii of hia BMwhiae was pubUthcd 
ma work of luB, called'' The Miaer'aFriead/' Thia work ia dated 
1709, and contains, besides a candid detail of the princqple of hia 
invention^ mnch useful instruction relative to the proper nuuMgement 
of his machine. The liberality and honest appeal to experiment 
which pervades the whole work, forms a rare and striking contract 
with the self-snffiiciency and conceit which are too generally to be 
found in productions of this nature. Savery exhibited his model 
before King Willianij who warmly intereated hinaelf in the project, 
b Jane, 1099, hr obtained a patent, granting him the exdasive 
privilege of manufactare. We aabjoin a descnption 'nearly in the 
worda of the inventor. 




M) <«inioAf8t tidif ia» to fix the engine in a good doable furnace, 
Jiti'eaiitifad that the fiaine of yonr fire may circulate round, and 
encompass your boilers, as you do coppers for browing. Before you 
make any fire, unscrew G and N, being the two small guag-f pipes 
and cocks belonging to the two boilers, and at the holes fill L, the 
-large boiler, two-thirds full of water, and D, the small boiler, quite 
fall. Then screw on the said pipes again aa fast and as tight ,a0 
fMHtbie. Then Ih^t the fire at >B, and, wlM the water in LMl^ 
<tHilililii cock of the fint vesael P (shown jn aection) which makaa 
.m4bmmnm riainf fRwi the wahsr in. L paaa with ineiifltif^ ioraf 
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through O into P, pushing out all the air before it through the daci; 

R, and w!ien all is gone out, t})e bottom of the vessel P will be Tery 
hot; then shut the cock of the pipe of this vessel, and open the coct 
of the other vessel P, until that vessel has disc liarged its air through 
the clack R up the force pipe In the mean time, by the steams 
condtnmng in the vessel V, a vacuum^ or emptinessj is created, so 
tiint the water from the well mnst and will necessarily rise up through 
the snching pipe lifting up the clack M, and filling the vessel P.'* 
In tTO mean time, the first vessel P being emptied of its air^ open 
the cock again , and the force is upon the surface of the water, and 
presses with ;ui elastic quality like air, still increasinj^ in elasticity or 
spring till it counterpoises, or rather exceeds, the weight of the water 
ascending in the pipe, out of which the water in it will be im* 
mediately discharged when once gotten to the top, which takes op 
name time to recover that powers which having once got, and being 
Sn wofkj it is easy for one that never saw the enginoj after half an 
hour's m[perienc€j to keep a constant stream mnning out the full bore 
of the pipe. On the outside of the vessel you may see how the water 
goes out as well as if the vessel were transparent j for as far as the 
steam continues uitliln the vessel, so far is the vessel dry without, 
and so very hot, as scarce to endure the least touch of the hand. 
Bot as far as the water is, the said vessel will be cold end wet where 
any water has fallen on it^ which cold and moisture vanishes as fiwt 
as the steam in its descent takes place of the water but if yon force 
all the water out, the steam, or a small part thereof, going through P, 
will rattle the clack, so as to ^mvc sufficient notice to change the cocks, 
and the steam will then begin to force upon the other vessel without 
the least alteration in the stream, only sometimes the stream of water 
will be somewhat stronger than before, if you change the cocks before 
any considerable <|[aantity of steam be gone up the deck R: but it is 
better to let none of the steam go olT, for that is kwbg so much 
strength, and is easily prevented, by ijtoring the cocks some little 
time before the vessel is emptied.** 

The ingenious inventor g:oes on to explain minutely the ease with 
which his engine could be managed} however, we have quoted suf- 
ficient to shew clearly the mode of operation. He gives no proportions 
of the parts, nor is it probable that he himself established auv rule, 
bnt pnncipally erectea his engines by a kind of mechanical tact, 
whicn he possessed in n wonderfbl degree. He seems to have con- 
sidered that the strength of his machine was the only limit to bo 
observed; " for," says he, I will raise you water 500 or looo feet 
high, could you find us a wny to procure streng:th enough for hiich 
an immense weis;ht as a pillar of \\ .tf ei of that height ; but my engine^ 
at 60, 70, or 80 feet, raises a full bore of water with much ease.*' 

Captain Savery's inveutiou bIicw:! him to have been a man of 
Mtraordinary talent and ingenuity. The real benefit which it con- 
ferred upon society was not sJone confined to the redoetionof animal 
laboar : it had the effect of enabling ingenious mechanics to durect 
their energies to a snbiect which had hitherto been a matter of mere 
philosophical speonhtioii. It ftirnished material for study i and« 
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though it was adojpted with caution, and to a very limited extent ')y 
the mining districts j there can be no doobt but it was the means of 
aowiag those seeds of taknt wbicli have sinco enabled this comtrjr to 
outstep every other in the superior manufacture ef steam machinery. 

The honourable fame which the invention obtained him could not 
be enjoyed without detraction. Envious contemporaries were busily- 
engaged in endeavouring to injure, by false accusation, the character 
which Savery obtained. Dcsagulicrs uoequivocably asserts that 
CaptuB Savery merely put in practice the Marquis of Worcester's 
plan for raising water ; and, the better to conceal thefoct^ boqght op 
and burnt all the copies of Lord Worcester's Work on wUch he could 
lay hie hands. 

Stewart, in his History of the Steam Engine, has taken much 
pains to refute this grievous chnrgc : but we shall merely content 
ourselveii by quoting Dr. Robintion, who says, — " That the account 
in the Century of Inventions could instroet no pertam who was not 
eufliGienUy acquainted with the properties of steam* to be able to 
mveni tk$ mMcMne Mmset/J" This opinion may be received withont 
hesitation, since we have shewn that the Doctor maintained that the 
Marquis of Worcester was, undoubtedly, the inventor of the Steam 
£ogine. 

We quitted Dr. Papin to detail the important res alts of Captaiu 
Swery's experiments, which were pabliihed in the interim bdtween 
the commencement and condosioo of those of the inffenioos Doctor, 
who, in 1698, we find still persevering in his project ua raising water 
by steam , under the patronage of the Elector of Hesse, In 1705 he 
received from the celebrated phihusopher, Leibnitz (who bad seen 
some of them in operation,) a drawing and description of Savery's 
engine. We sincerelv regret that Papin ever received this com- 
mnnicatlon, as It'bas been shewn that ne had acteslly projected a 
plan which, if carried Into operation, would have constituted the 
Atmospheric Engine, invented by Newcomen. But, unfortunately, 
the success of Captain Savery diverted his mind from the superior 
project of forming a vactmm under a piston, and by the command 
of his patron, the Elector, he set about to improve Savery machine, 
which is universally allowed to be inferior in e&ct to the other. 
The talent of Papin, directed to the Atmospheric Engine, most have 
pradnced most important results, which, however, have been lost by 
the success of Captain Savery*» machine. 

•The consequence of this course of experiment was the publication 
of a " new method of raising w ater by the force of fire," dated at 
Cassel, 1 707. He acknowledges that Savery had hit on another mode 
withont knowing his experiments. The following is a description of 
- tlie nmclnne. 

A boiler, a, made of copper, communicates by a pipe with a 
cylinder, i, which forms the body of the pump. This cylinder is 

attached to an upright pipe 0 q, which enters the cylinder r r, rising 
to within a short distance of its top. This cylinder is air tight, and 
has a pipe w, smaller in its bore than the pipe 0 q. The pipe between 
the boiler and cylinder has a stop cock at c. / is the safety valve 
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which prevents the explosion of the boiler, by yielding to the force 
of the steam, and allowing it to escape when it exceeds a certain 
pressure, which is regulated by shifting the weight /* on the lever. 
Within the cylinder is a piston or float, w, made of thin plates of 
metal, and loaded with the weight h, forming a part of a hollow 
cylinder^ which floats on the surface of the water. 




When a suflicient quantity of steam is generated in the boiler, a, 
the cock is opened to allow it to flow into the pump cylinder i, forcing 
the water, which is beneath it, through the pipe oq, until it falls at 
the upper end q, into the receiver r r, since it cannot flow away 
through the pipe so rapidly as it comes in, on account of the pipe 
w being smaller, it rises and compresses the air into the upper part 
of the receiver. As it escapes through tv, it issues with velocity on 
the water wheel 8, to which it gives motion in the usual manner. 
When the floater n has reached the bottom of that cylinder, the cock 
c, is shut, which prevents the further admission of steam from the 
boiler, into the putnp cylinder, above the floater j and the valve g is 
lifted, to allow the steam above the floater to escape into the atmo- 
sphere ; a vacuum speedily forms in this space, which is as speedily 
filled up by water from the mine, through the clack at the bottom 
of i, the clack 0 opening upwards, prevents the column of water' 
m 0 q from descending, whilst the compressed air r r, keeps a con- 
stant stream on the wheel. When the floater has risen to its proper 
position, the steam is again admitted on the surface of the floater, 
and drives up the water as before. 

This machine Papin published as the invention of the Elector of 
Hesse^ but it is quite obvious that liis disposition to flatter his patron^ 
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rather than the reerard to truth, caused him to make this statemeDtv 
We have already expressed our regret that Papin did not persevere 
in his idea of the Atmospheric Engine. As it 18, he has sUew'Q himseU 
to be a mau of great taieut aud. origiuaiity. 

Wm bm tlTMuly •bimad fluit tli« beneficial efleete of fievery's 
bventiott were not eonfiaed to tbe rediictioa of animal esertioB* 
This, though a grand, was not the priacipel reenlt wbieb arose 

from its introduction ; for the great danger, or more probably fear, 
of explosion, tended to cotmteract its general adoption. We say, 
therefore, that the greatest benefit which it created was that of fa- 
miliarising all mechanics with the nature of steam its elasticity 
when heated, and its sucking power" when cooled : and when 
Sarery's engine was foond inadequate to tbe proposed end, ingenuity 
was on the alert to apply these in some more efficient manner. This 
Reeling found its way to the ancient town of Dartmoatb, in Devon- 
shire, and drew forth the attention of Thomas Newcomen, a 
blacksmitli. This man, though possessed of little scientific knowledge, 
was ciH]()ued with a clear head, and great inventive powers. He 
had been, from his childhood, fund of amusing himself with little 
mecbaniod cembniatioiifl, wbieb obtained bim among bis friends and 
eompanions tbe title of a sekmer*' We are informed that be bad 
seen one of Sarery's ea^es, when he conceived tbe possibility of 
obtaining power in a manner similar to that proposed by Papin in 
his first project, namely, by a water wheel working two air pumps. 
Me was so completely couviaced of the feasibility of his plan that he 
applied to Dr. Hooke on the subject, who, it appears, dissnaded 
him from the prosecution, adding this remarkable and important 
suggestion, If yon covld make a tpeedjf vacuum in joor second 
cylinder yonr work is done." 

Newcomen, we are informed, was for some time engrossed with 
the new train of ideas to which this hint led him, till at length he 
conceived the " sucking and forcing'" power of steam would, in every 
respect, answer the end, and this brilliant thought he communicated 
so his friend and fellow townsman, John Cawley, a glazier. By 
joint study and exertion they soon satisfied themselves of the prac* 
ticability of tbe scbeme, and constructed tbe machine upon a small 
scale. It is not known in wbat manner this model was made, but 
we may easily imagine a very s^ple and cheap one conld be formed 
by the nse of a common syringe; and to snrh of onr readers ay 
would wish to understand thoroughly^ the principle of the atmos- 
pheric engine, we recommend the follow ing experiment :— 

Id to the perforation of a small glass globe, partly filled with 
wt^T, inlrodoce tbe month of a oommon 'syringe* Foi^m a kting 
ibuhI Ibe joming so as to render tbe joint good and tight. Apply 
tbis to the flame of a lamp, nnd aa soon as the water boils, tbe steam 
formed thereby will force np tbe lod of the syringe to the top : im- 
merse the whole in cold water, and the rod will as sjK'edily descend. 
Apply the lamp again and the rod will again be raised, and upon 
plunging it again into cold water it will descend as before; th^e 
motions may be repeated ad infinitum. 
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Newcomen and Cawley bring astmcd of raceew^ wm abool 
•pplyiog for a patent, when Satwy daimedtbe mveation as Us, on 

the ground that the method of procaring a yacnom by steam whs bis 
discovery : they were^ therefore^ obliged to allow his name to be 
associated in the grant which they obtained in 1705. 

We present oor readers with a novel drawing of Newcoraen's 
CDgine i we are not aware that soch a machine was ever in opera- 
Itoo $ but we have been fi tro nr ed wiCh the drawing by afKead, whe 
inibriii aa that the original bean date 1790, fifteen years afler the 
patent was obtuned. As it represents some of the paits in a singskr 
forni, and shews clearly the mode of opeiatiottj we thall offer ao 
apology for osing it in oar explanation. 




^« fspmevts Ite beiler^ of which 6 is the safety Talve, being a 
wei|^ placed en a deck, which yielda to ifeeaai abofe a eortdn 
pressure, and prevents exploeion. e is the cylinder, open at the top, 
having three holes at the bottom, d ef. The hole e admits the steam 
from the boiler j the hole d admits a jet of cold water from the reser- 
voir g, in order to expedite the condensation of the steam. / is a 
pipe for the exit of the condensed steav^ and to get water from the 
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(cyUnder. A is the {uston or pjuoger^ whose, diameter exactlf fills t)ie 
wtL of the cylinder. It Is packed er staffed on its edge, so M to 

preserve the vacnnm as perfect as possible : t is the beam, or (ss It 
18 caltod in some of the coal districts) the loggerhead, for the purpose 
of commanicating tlie motion of the piston to the pamps in the mine. 

A sufficient quantity oi steam is first formed in the boiler when 
the boy pushes the handle or lever which be hoi4s down toj, which, 
by the wheels ,aod band, opens the cock J^, and allows the steam to 
enter the cylinder. The steam being only snflldcnt to equal the 
wessare of the atmospherej wlH not of ite^f Bit the piston and 
loggerhead; it is therefore necessary that some means should be 
adopted to aid it in its ascent. This is done by means of the weight 
or counterpoise /, so that by the force of the steam and gravity of 
the couuterpoise^ the piston is elevated to the top of the cylinder, 
and forces down the pump rod m into the pump in the mine. When 
dus Is eiected, the boy retams the handle to its original position 
(shewn in the drawing) which prevents the admission of more steam 
from the boiler, and at the same time opens the cocV n, so as to admit 
a small quantity of cold water from the reservoir ^ into the cylinder^ 
this, by dispersing itself among the steam in the cylinder, almost 
iastautly condenses it^ so that a vacuum is obtained^ and the pressure 
of the atmosphere meeting with no reeistance^ presses down the 
piston, and thereby raises the pump bucket in the piine. The handle 
is again depressed to^', which allows fresh steam to enter the cylinder^ 
and elevate the piston as before. To prevent the accumulation of 
water in the cyliiuier, the pipe ois of such length, tliat a column of 
water within it exceeds the air's pressure^ so that the water runs off 
by its own gravity. 

The loiee of this engine, therefore^ oonsbts entMy of the pres* 
snre of the atmosphere^ differing essen^ly from Pbpin and Smrf, 
both of whom nsed the force of steam as well as a vacuum. By this 
method the dapger of bursting the boiler was nearly obviated, as the 
pressure of one or two pounds on the inch on the boiler was sufficient 
to work the engine. The power must be regulated by the area of the 
piston, because, as the pressure of the air seldom exceeds li^ lbs. 
on an inch In a gireo area^ we can never elrtain more than n given 
power ; thns, supposing the area to be 100 inches^ and the j^essare 
of the atmosphere 14 lbs. per inch, the pnmp piston would at each 
stroke lift 1400 lbs. of water at eadi stroke of the engine;, a height 
equal to the length of the cylinder. This, however, is far above the 
real performance : as friction and imperfect condensation seldom leave 
more than one third of the power. > ' 

* Bnt notwithstanding the enenneos loss of steam, and,, oenae- 
qnenl^, fod by these causes^ we find the atmospberic or *' ^pm 
toppwf* engine used with dillhrent modification to n great eifent even 
at the present day. The expense of the double acting' engines coun- 
terbalancing, in the opinion of coal owners, the greater consnmption 
of fuel in the other. 

The engine we have given contaiued many improvements upon the 

firit> the steam of wblcb was not condensed by injection^ bnt manly 
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by sorroanding the cylinder with cold water. Condeniation by a jet 
U said to have been discovered from an accidental hole in the cylinder, 
aUowiog the water which surrounded it to get into the inside, and 
thos the speed of the engine was doubled.. When the cause of this 
WIS kacertained^ the injection cock was mAded, as a inatter of coarae. 
Ve sboold dso^ state, that the macliiiie vjras, by no nwaiia« sO'Sinv 
pie as b«r ,dniwtiig represents j a Dumber of catches and springs 
being necessary to obtain the changes of the coclts ; the uncertainty 
arising from the employment of boys was, likewise, a matter of mucfi 
Texatlon and inconvenience. This evil, however, produced its owu 
remedy ; for a boy, named Humphrey Potter, beiug inclined to scog, 
or slnukj fssteaed a cord from the beam to the handle, j, and a 
wdght to the baod^e also, by which meaos the engine itsdf prodnced 
the necessary motion. This he called a " fcegger/' 

With this addition Newcomen*R engine approached very nearly to 
a self-acting one ; but still tlic turning of cpcks and filling of reser- 
voirs was obliged to be in part left to careless men, and as the 
precision of the work depended upon these, frequent derangement 
wastee6nseqoeaee$ nntillKr. Henry Beigh ton, of Newcastle-npon- 
Tjrnor oonstrncted wbat he called the hmid geaTj, whereby motion 
was given to all tbe cocks and levers, by a rod from the beam. This 
engine was erected in 17IS, and, besides the improvement men- 
tioned^ it was the first engine in which a tttel^yard safety Tslve 
was used. 

After the improvements of Beighton little remained to be done to 
liie Atmospbarlc Engine, most of the difltcalties pecnliar to Us con* 
strmon hstrnq^ been overcome. We shoold except, however, one 
great evil, and that was the frequent destruction of the beiler and 

cylinder. Tliis was owing to the position in which they were placed, 
for the piston strikinj^ against the bottom of the C)'linder, frequently 
shook the boiler in a few days so as to completely loosen it from the 
brick work, and the reversion of the beam produced a violent pull in 

the oppoaite diifedioii. The , writer, has seen one of these enffines 
near Newcastle^ wbere^ the top of tlie boiler rose and fell atwas^ 
half ail inch at each feversion of the stroke., Tl^is difficulty was 

obviated in a tolerable degree, by placing the cylinder bes'me the 
boiler and, thns fflodi&ed i Newcomen s engine is use4.iiU over the 
kingdom. 

We cannot conclude this chapter without expressing the veue- 
nibop wbi^ #e ^sel ftr^e memory of the immortal Newcomen. We 
Witt bold to my (and we know, in saying thls^^^we.dlff^^ 
and better historisns) that Thomas .Newoomen dSd' more for the 
Steam En^ne than anyone individual that ever contributed to its 
improvement. VV'e except none^ — Watt, himself, and in the men- 
tion of that name we feel the profoundest humility, — WattsiiAks into 
comparative insignificance when compared with N^v>^comen. For^ 
whrninr we Yihie tbe amis of a man by the extent its ntility, or 
by the difficulties which it enconntei9« and orer ;ffluiob it ti^iisq»lis> 
we are alike boni^en to pjace the nai^e of^NoircomeD first aaioikg 
lilMe whid^ hiire been ti« boast of onr Goontiy; 
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CHAPTER II. 

OOITCNTS. — LCUrOLD*g HIGH-PRF.«SURF, EVOINE — ADVANTAGES OF HIGH-PRESo 
tUllB ENGINES. — UVhLB rATKMT. — BLAKCT AND rSRKINC.— MR. KBAIIB 
finOBBALD*! SOBrriTUTB FOm <niB OAKS. — WAT^ XXPERIMSimiir- 
«A11ltBOROI/OH*t CLAIMS TO WATT*S ' INVENTION — CYLINDER OP WAxi^ 
ENGINE. — SUN AND PLANET MOTION.— PARALLEL MOTION — GOTERNOR.*-* 
CONDENSER. — WATT's EXPERIMENTAL BROIMB. — COONrfiR.~ADO|nOII OP 

TMB auMK Am fUBRmmoir ow «n mm and rLAiinr motioit. ' 

In the year 1790 tlie celflbnitod^ Leopold constnietod tk^Jkii 
Ug^k-preuure engine. Previoos to this tlie only ase to'vniieh staui 

had been effectively applied was. in the formation of a vacuum : true 
itis^ that in the projects of DeCaus^ Branca, tind Savery, the elastic 
force of steam was proposed to be used ; but the failure of these 
plans by waste of steam and other causes^ warrant our saying thot the 
plan of Leupold entitles him to the great merit of haviDg^ mvented and 
comtfueUd 'the fint high-premn engme, Ifis ]^i^afif was Anply 
that of applying higbly elastic stmi alternately, opon tivo piatoiis in 
separate 4^1mder8» so that as one asoended themier dek^ndeil| and 
^ce ver^a. 

In the annexed figure (nearly resembling that given by Leupold) 
the boiler communicates by a "four waif cock,'* with the bottom of 
two open topped cylinders having pistons c d movin|^ in them. These 
pistons are fitted with lead so that they may act as a counterpoise to 
the pamp buckets o p. They are likewise attadied to thefaeanis g h, 
hj means of the rods e f. To the other ends of the beams are ifixed < 
toe pump rods k ly which work two force pumps op. ^ is a perpen- 
dicular pipe, bended round at the top so as to convey the water driven 
up the pipe iuto the cistern or spont t, i i are the centres of the two 
beams gh, 4r is a cock so oonstnicted as to altemateljr admit the 
steaoi ralo either cylindsr. 

In the situation of the maduM shewn in the figure, the steam in 
the boiler flows through the open passage into the cylinder r, and 
presses the piston c upwards : this depresses the pump rod k, and 
forces the water under the plunger, up the pipe q. When the steam 
has raised the piston c to nearly the top of the cylinder, the cock «r 
is tamed one foorth of n revolntien^ s6 tliat it opens a passage 
between the cylinder 9, and the boiler^ and between the cylinder r; 
aod the open air. The weight of the rod f, and the lead in the piston 
Ct being greater than k and o, the piston descends by its gravity to 
the bottom of the cylinder, driving out the steam which raised it into ' 
the atmosphere. From the construction of the four way cock" at 
the moment in which the passable into the cylinder r was closed^ 
anMer passiige f/m iAtdtd 'hetween tfaj? boiler and qrlinder ihe' 
elastidty df tfe steaih torces'lhe |nston a npwaids^'and^ debresiies the ' 
plunger at the ^hd of the rod I, and impels the water, in the barrel p 
nnder it, vp the pipe q. When the piston d ht^ reached the top of 
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the cylinder^ or made its stroke, the further passage of steam from the 
boiler is shut off, by turning the cock x; and the steam escapes into 
the atmosphere through z ; and d descends in the cylinder by its 
preponderance in the same manner as c. During the ascent of d, e 
has fallen to the bottom of the cylinder r. The steam passage from 
tb« boiler being then opened, c is again raised in its cylinder, while 
the vapour in i is escaping into the atmosphere ; thus producing aM 
alternate vertical motion in the pump rods k I. 




Such was the construction of the first high-pressure engine, which 
for simplicity has never been exceeded. The extended use of such 
engines at the present day, proves that the public opinion is materially 
changed in regard to their utility and safety. The risk of explosion 
was a drawback upon them, which successive improvements and skilful 
management has almost annihilated j and we have no doubt but that, 
eventually, the low-pressure or condensing engine will be entirely 
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abandoned in favour of those. Their superior economy by reduced 
cotMomptipn of fuel, and reduced friction, are sufficient grounds for 
g^C^ adoption. We should obser?e, however, that there it 
atill a man of pr^ndice to oontend with, ere this can possibly talie 
place, and whilst America lias scarcely a low preasnre engine to work 
a steam boat, it would be a hazardous speculation to attempt the 
introduction of a high-pressure one in Englaud for that purpose. 

But from the importance which the latter does, and will maintain, 
in the mechanical world, it will not be amiss to shew the advantages 
which they possess : and we shall first speak of that obtained by a 
saving of fnd. \ • » ^ ^ 

Water does not bml nader a temperature of 912** of Falurenlieit, 
at which temperature its force, wbea confined, is barely equal to that 
of the atmosphere. But let the temperature be increased only 38'' 
more, (which can be effected with a comparatively small addition of 
fuel) and its force will be 28 lbs. on the square inch. In like manner 
iet the t^perature be increased to ^SU°, and the force will be equal 
to 56)Ris. Thus, the increased force far exceeds the increased con- 
snmptkiii of fud, and, eoiiseqeently, the greater the pressure of the 
stesiiij ttpyeater will be the saving. Recent experiments have proved j 
t1«t stj^Pt wheii heated to 1 170*, will act with a force of 56,000 lbs. \ 
on the sgeare inch, so that we find 250° gives a force of only 28 lbs. 
whilst rather more than four times that temperature, or 1170*, gives 
t2000 times tlie force ; a fact sufficiently establishing the superior 
economy high-pressure steam. 

It j^CiiiJfl be observed, however, that we by no means believe that 
eodi pi ji ssi re can be used with safety^ but we merely state the Ihct 
to estabil^the position that l^glp-iiressiire engjiaes are more eeooo- 
mical t^mJow-pressure ones. 

The saving of power, by reduced friction, is also another material 
advantage in the former, because it is evident that if a force of 50 lbs. 
be obtained per square inch for 10 or 12 in the condensing pluu, the 
area of the piston will be sinallcr in the same proportion as the 
fo^ is increased, in order to produce a given effect^ therefore, the 
edjgesof the pistpo being reduced «|lso, there wi11.be less rubbing 
porface tliiui Id the othfsr. 

. )litherto steam had been only employed in raising water, nor had 
any plan been devised by which it could be adapted to tlie giving 
motion to machinery j Savery, indeed, says his machine might be 
applied " to mills of various kinds and forms, according to the dif* 
ferent genius and abilities of the millwright and that it may be 
bsoofbt to work by a steady stream," (ou a wheel), " and produce a 
lotative or circolar motion l" and hints, that it might be made very 
psefol in ships, hot he dare not meddle with that matter ; and leaves 
it to judgment of those who arc t!ic best judges of marUUfm 

affairs j" but since Savery 's machine itself failed, of course the 
projects perished with it. After the important improvements of 
Ncwcomeu, it will appear evident that any efTectuai mctliod must 
be very different from thisj and, accordingly, we find a patent taken 
ont in 1736, by Mr. Jonathan Hulls, of London, " For a uew-in- 

D 




Digitized by Gopgle 



26 



HISTORY OF THE 



veutcd machine for carrying vessels or sliips out or into any harbonr, 
port, or river, against wind or tide, or in a calm." This new method 
was tbe appHcatioii of the crank wbkh now, it is well known, 
enables ns to employ tke steam engine as a prime mo? er is dmost 

every species of machinery. 

Unfortunately, the ))ublic mind was not sufficiently matured to 
interest itself in the project, and, in consequence. Hulls and his patent 
were so completely forgotten, that the iuYcntion has been sasbsquently 
claimed by Watt. 

. Weshonld hece observe, bowerer, tlmt wbilst we give doe praise 
to Halls for the greatness of his project, we tttl satisfied that New* 
comen's engine was not at all adapted to thepfOpoeed combination; 
as the great difference in power between the ascending and descending 
stroke of the piston would have required a ponderods fly wheel to 
have any thing like equality of motion, and a fly wheel would be 
an inconvenient accompaniment to a steam boat. Tbe idea, how- 
ever, was great, and tne ingenious inventor deserved better socoest 
than he obtained. 

AVe should not omit in this place to notice Blahey's patent, in 
1706, for improvements on Savery's method of raising water. To 
avoid condensation he proposed to introduce oil on the surface of the 
water, because oil did not so readily absorb the caloric : but his 
principal improvcmeat consisted in the boiler, which was formed of 
small tubes, completelj filled with water. The proposed improve- 
ments drew forth the attention of almost dl the sdentific men of bis 
day, many of whom declared it possible to conduct the inflaenoe of 
steam to the centre of the earth, " But," says Homblower, " an 
accident terminated the event as to the experimental engine, by one of 
the steam vessels bursting through the force of steam, though much 
under the degree of power proposed by the Cornish gentlemen. Sach,** 
continnes Homblower, " is the dejgeneracy of man, that whilst dhe 
States General of Holland were ploming Blakey with the Randiest 
expressions of approbation, not one instance is to be found, in which 
lie met with that support he had been led to anticipate." 

The drawing here given exhibits Blakey's boiler, or generator, 
the principle of which, our readers will observe, has been renovated 
in Perkins's recent attempts. The success attendant upon the reno- 
vation has ftUen short of cdenktion, bat this has been owinc rather 
to the mode of application than to. the generator itself^ whkh for 
safety and portability never will be snrpassed. The canse of Perkbs's 
fiulnre we shall notice in its proper place. 

n represents the furnace in which the tubes, bed, are placed, 
which are connected by small pipes ; /is a funnel for supplying the 
generator with water. This was the ancient mode of supplying all 
boilers, bet it is needless to observe, that since the additum of the 
force pump, the former has been nnneeessary. e is a coA^ for the 
purpose of cleaning the boiler, by rnnnio^ water through tbe whole. 
The pipe which connects the generator with the engine is not sheiWs. 
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Mr. Keanc Fitzgerald, a gentleman of great scientific acquire- 
ments, and whose ingenious discoveries stand recorded in tlie Fhilo- 
sopUical Transactions, describes, in the year 1758, an invention, by 
wliich he proposed to obtain a rotatory motion from a rectilineal one, 
in another way than by the crank, the application of whicii was 
unknown to him. No drawing has ever been given, and we tiierefore 
give the accompanying sketch, which we gather from the words of 
the inventor : they are as follow. — 

*' A rotative motion may be obtained from a rectilineal one, by 
employing a combination of large toothed wheels, and of smaller 
ratclict wheels, worked by teeth upon the arch or sector of the beam, 
one of these ratchet wheels being put in motion by the ascent of the 
beam, and standing still during the descent, when another ratchet 
wheel is moved by an intervening wheel in the same direction as the 
first ; and thus the two communicate a continuous rotative motion to 
the axis upon which they are placed, which is tiience transmitted by 
a large toothexl wheel to a smaller wheel or pinion, on the shaft of 
which is a Jiy to accumulate momentuiny and crank proposed to be 
applied to Avork ventilators, and to many other useful purposes. The 
fly, by accumulating in itself the power of the machine during the 
time it was acted upon, would continue in motion, and urge forward 
the machinery whilst the steam engine was going through its inactive 
returning stroke." 
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Let o, then, represent the cylinder on the principle of Ne»vcomen } 
b c, two racks/ of which e is the pfston rod ; these racks are toothed 
oil two angles, two for the purpose of being moved by, and giving 
motion to the connecting pinion, d, and the remaining two for the 
purpose of working the sectors, c/^ these sectors have palls or 
catches fixed on each of them, which arc situated so as to fall into 
the teeth of the ratchets, /i. We wi]l now suppose the piston rod 
or rack, c, to be ascending : then the catch on the arm of the sector 
will turn round the ratchet, and the axle upou which it is fixed, a 
portion of a revolution. This moUon will be continued until the 
piston has reached toe to^, When the pall of the sector, /, falls into 
the nex( tooth of the ratchet. The motion of the piston is now re- 
versed; but by the intervention of tlie pinion, d, the rack, begins 
to ascend, and repeats ihc same operation upon the ratchet, as 
the other sector did upon h ; thna, the two sectors alternately act 
npon the ratchets, and keep the axle in a continuous rotative motion j 
this motion is communicated to another axle by the wheels, ij : on 
the latter «iie a fly is fixed, which preserves tiie motion equafaw in4 
.rsgnlar. - - . 

We admire the ingmsity of this invention, althongli wc are 
satisfied it would never answer the proposed end. The principal 
objection would be that of tlie piston striking violently the top and 
bottom of the cylinder ; because, as the motion of the fly is obtained 
from the direct action of the piston rod, any decrease of speed in that 
must likewise decrease the speed of the fly-wheel, <knd therefore 
prodsce an iireguhr 'motion. Not so the comnMm crank, which 
natutally ntardi tlie motion of tho purton, as it i^nmches the top 
and bottom of the cylinder, whilst itself reVf^ves at the same speed 
throughout. 

We now come to the most important era in our history: that in 
which James Watt commenced his invaluable exertions in the im- 
provement of the Steam Engine. It is not in our plan to give 
biographical sketches of the inventors who come under our notice; 
hut as the beginning and progress of Watt's career form some of the 
principsl events of his life, our history must here assume somewhat 
of this character. 

James Watt was .born in Greenock^ in the year 1736. He wts. 
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a^t the Rge of \G, apprenticed to a matheniBtkal joatnimeiit maker. 
This bnuDess^ it appears, differed materialty from what we now 

understand by the tern, consisting of land-surveying, making and 
repairing clocks, almost every kind of musical instruments, fisliiug 
tackle, and cutlery. In the year 1757 he was appointed mathema- 
tical insti ament maker to the University of Glasgow, and apartments 
were given iiim in the coll(^Cj lu which he lived and transacted his 
badness. - 4 

It appears' tbat m this period the college of Glasgow possessed 
apparatus and funds by which t!icy were enabled to contribute largely 
to the general dilTusion of useful knowledge among that class of 
individuals to whom it was peculiarly beuehcial. This wns one 
among the many advantages whic!» arose from the estal ll^huicnt, hut 
the greatest was that of exciting the attention, and drawing fortli 
the energies of young Watt, We shall give the particulars of tlie 
oonnmenoement of Ms career in his own wotds, bemg satisfied that 
we cannot exceed them cither in simplicity or effect. 

— My attention," says he, ** was first directed in 17^>9> to 
the subject of steam entwines, by Dr. Robison, then a student in the 
University of Glasgow, and nearly of my own age. Robison at that 
time throw out the idea of applying the power of the steam engine to 
the moving of wheel carriages^ and to other purposes ; ^ but the 
aeheme was not matured, and was «oon abundoiied on his going 
ubroad." 

In 1761 or 1762 I made some experiments on the force of 
steaui in a Papin's digester, and formed a species of slcam enc;ine, 
by fixing upon it a syringe one third of an inch iu diameter, witli a 
solid piston, and furnished also with a cock to admit the itcam irom 
the d^^ter^ or shot it off at pleasure, as us to open a commiH 
nication from the inside of the syrioge to the open air, by whidn the 
ileam contained in the syringe might escape* When the communi- 
cation l)etwccn the cylinder and digester was opened, the steam en- 
tered the syringe, and, by its action upon the piston, raised a 
coDsiderabte weight (15 lbs.) with which it was loaded. When this 
was raised as high as was thought proper^ the communication with 
the digester was shut, and that with the atnuMpheve onmedj the 
ileamthett made its escape, and the weight descended* •The^operaF' 
tlons Were repeated | una (tliottgh in this experiment the cock was 
turned by hand) it was easy to see how it could be done by the 
machine itself, and to make it work with perfect regularity. Bttt I 
soon relinquished the idea of constructing an engine upon this princi- 
ple, from being sensible it would be liable to some of the objections 
gainst Savery*8 ensiue ; firom the danger of bniating the4)oiler»uBd 
the dtflicttlty of makiog the joints tight f and also ihat a great part of 
the -power of the steam woud be lost, beeuuM-BO f MUiRu mn Ibnile^ 
to assist the descent of the piston.'** 

■■ 1 1 —I 1 1 1 11 , m m ■ I I I ■■■■II I II ' . 

* The nmioM hers given by the Usiorisn will Appear, to imdern neelHi- 

nict« very futile and insufficieDt. It is now a matter uf no ** difficulty to 
malce the joints tight and high-pressure steam, it is vveil knoniB, isnero 
economical than iJiat at which Mr. Watt worlied bis eagines. 
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The attention neoesiary to hit bnslneBs of a mathematicat instra- 
neot maker^ prevented him from prosecuting the sobject any fortKer 
at tbis time. Bat io tbe year of 1763-4^ Inviri;^ occasion to repair 
a model of Kewcomen's engine, belonging lo tlie Niitural Philosophy 
Class of tlie University, his mind was again directed to tlie subject. 
At this period his knowledge was derived pi iiici|tally froni Desagu- 
lieriij and partly from Belidor. He set about repairing tUe model as 
m met9 mtduiMMi^ aod nrbeii that was done and set to work^ be 
was'snrprised tbst its boiler was not supplied with steam, tbongb 
apparently quite large enough (the cylinder of the model being two 
inches in diameter and six inches stroke, and the boiler about nine 
inches in diameter) ; by hlowini;^ the fire It was made to t;ike a few 
strokes^ but required an enoruious quantity of injection water, though 
it was very lightly loaded by the cohimn of water in the pump. It 
soon occumd to liim tiiat this was caused by tiic little cylinder 
exposing a greater surface to condense the steam than the cylinders 
of laiger engines did, in pro|>ortion to their respective contents ; and 
ft was found that by shortening the column of water, the boiler coold 
supply the cylinder with steam, and the engine would work regularly 
with a moderate quantity of injection. It now appeared that the 
cylinders being of brass would conduct heat much better than the 
cast iron cylinders of larger engines (which were generally lined with 
a strong crust), and that considetable advantage could be gained by 
maldng tbe cylinders of some sabstance that woald receive and give 
oot heat the slbwest* A small cylinder of i&t inches diameter and 
twelve inches stroke, was constrneCed of wood^ previonsly soaked in 
linseed oil, and baked to dryness. Some experiments were iimde 
with it ; but it was found that cylinders of wood were not at all 
nkely to prove durable, aod that the steam which was condensed in 
fiiiing it still exceeded the proportion of that which was required in 
engines of larger dimensions. It was also ascertabed, that unless 
the tempeiitm of the cylinder itself were reduced as low as that of 
fhe Tacnmn, it would produce vapour of a temperature sufficient to 
resist part of the pressure of the atmosphere. AU attempts, there- 
fore, to reduce by a better exhaustion, by throwing in a greater 
quantity of injection water, was a waste of steam, for tlie larger 
quantities of injection cooled the cylinder so much, as to require 
quantities of steam to heat it again, out of proportion to the powxr 
gained fay having made a more perfect vacuum ; and on this account 
the old engineers acted wisely in loading the engine with only six ar 
seven pounds weight on each square inch of the piston. 

It appears by Dr. Ure, that Watt tried some experiments re- 
garding the latent beat of steam, of which the Doctor gives the 



• The invvsCor wa« right in proposing to use some material which wouf d re- 
ceive and give uut heat the slowest, but greatly in error when he suppoted 
pqUtked iur/aces would conduct heal quicker th^n rou^h ones. It has been 
repeatedly proved, that rough surtacev are best adapted to give out or receive 
beat, the unevennefls of tbe sarfiieei aetisf like an innenie Boinber of coa* 
ilacton la «a4 tnm the lattal. 
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followlnq" RC(?onnt : — ^* In gome conversations \vk!i whicli tliis great 
ortjarnetit and benefactor of his country honoured me a short period 
before his death, he described, with delightful naivete, the simple 
but decisive experiments by which he discovered the iateut iieat of 
■team. His meaDs and leisure not then permitting an expensive aiid» 
complete appantiis> be wed apothecanea* phiala : with tbeee be* 
aiGBrtained toe two main facts, first, Ihat .a cnbiti incb of water 
would form about a cabic foot of ordinary steam, or 17^8 inches ; 
and that the condensation of tlint quantity of steam would heat six 
cubic inches of water^ from the atmospheric })ressure to the boiling 
point. Hence he saw that six times t)ie difference of temperature, 
or fully 800** of heat, had been employed in gifing elasticity to 
ateam, and which must be all subtracted before a complete YWtmmr 
€oM be obtained nnder tbe piatoii of a ateeni engine.** 

The great eipeiiiiieBti^t desenree as much praise for these ex- 
periments as for any thing he ever effected. Upon the facts developed 
in this enquiry, he built up the theory which shall carry his name to 
posterity. Although he modestly ascribea his discovery to Dr. 
Black's explanation of his theorj^ of latent heat, there can be no 
doubt that these experiments were more decisive and useful thaa any 
theoretical explanation could possibly be* • * « . i 

He Ibmid, tberefere, Oat Ui fint baeiMM was to keep 
cylinder as hot aa posaibk^ and that to obtain a tolerable yacuum/ 
the temperature of tbe eondeneed ateam dMvId be al.moat 100°, and 
less if possible. Various were the means which were con terapUted 
to effect these ends, when , early in 17^5, it struck him, ^' thai if 
(t communication were opened between a cylinder containing stcivn, and 
another vessel which was exhausted of air and other fluids, tJw steam, 
as an expansible fluid, would immediately rush into the empty vessel, 
smd^taiakmeto do m mM k iadmUMtked en eqmSMsmi wtd |f 
tiai veml were kepi tery woi, iff «n u^ee^ or otherwise, moro 
Ueam would continue to enter untUth$ wMo was condensed.*' 

So far we have the invention complete ; but still the condensed 
water and incondensible steam were not disposed of, and how to rid 
the condenser of these was long a matter of difficulty. The water, 
indeed, could be allowed to run off, by having a pipe whose length 
would exceed that of a column of water equivalent to the pressaf^ 
of the atmo^ber^ bat tiieair was not remofed* At lail it oceonnd 
to^lUm that a pntnp woold draw offbodi air and watef» and preeerm 
a perfect vacnnm in the condenser. 

Thm was completed one of the greatest InventloaB ever known. 
By the simple operation of thought, in a few days was effected that 
which had hitherto been deemed an impossibility — a hot cylinder and 
a perfect vacuum. ^ 

We should act unfairly if we concealed that Mr. Watt has been 
denied^ by some men of great respectability, the merit of dlicofeiing 
the separate condenser. HomblBwer says, " It oecnrred to Mr.^ 
Qainsborongh, the pastor of a dissenting congregation at Henley on 
Thames^ and brother to the pabter of that nanne^ that it would be 
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a great improvement to condense the steam in a vessel distinct from 
the cylinder where the vacuum was formed ; and be undertook a set 
of cxperimeots to apply the principle be biui established^ wbicb he 
ftid, by placing a small Teasel by the aide of tbe cylinder; which wm 
tonoafttjwttvnvdi atMnmallie boiMatwiD^ tlie' 
air and oeMeMiDg water, in the sine BMBCr as was the practice 
from the cylinder itself in the Newcomenktn method, that is, by the 
shifting valre anfl sinVing pipe. In this manner he uSed no more 
st^m thaD was just necessary for that particular porpose. Tbe 
drcamstances as here relate receive some confirmation, by a dcda^ 
ration of Mr. MBsboroogh, tbe painter^ to Mr. J. More, lafer 
ticralary to tte S ti i et y m Aittj who gaviatiieirriler'of this trflciB 
tbe InfonnalioD. Whiter hedolbed the eylilidv aii Mr. Watt- does- 
is uncertain : but Iris model succeeded so well, as to induce some -oS 
the Cornish adventurers to send their engineers to examine it j and 
their report was so favourable ns to induce an intention of adopting 
it. This, however, wa^ soon after Mr. Watt had his Act of 
Farliauient passed for tbe extension of his tetm \ and he had at th» 
wmutr^amm^mAst propotak to the Gmiab gcntteai to md Idlt 
engine into that eo«Btiy# This ne ccsst rily hMMght on a tompetitioOf- 
in which Mr. Watt succeeded : bat it was asserted by Mr. Gains- 
borough, that the mode of condensing ont of the cylinder was com- 
municated to Mr, Watt by tbe officious folly of an acqoiuataaoe^ who 
was fuUy inforoied o^ what Mr. GaiasborougU had in hand.** 

At this date itis>iii^>ossible to decide the merits of their respoe- 

.appeal tlnfe BMicb'tfk^idovDfi hM boon ^ves 
19 tlw ilifeement ofiimblower by recent Wfiten, hoi we certainly 
consider that it throws considerable dodlit vpon tiMi matter. We4»]K 
no means think ivith Dr. Brewster that Hornblower*s ignorance cj 
these circumstances, wiien examined before the House of CommonSj? 
precluded the possibility of his knowiag iheui afterwards. But thero 
is so much detraction where there is merit, that we sincerely hopn 
fhlf foUtarffttotiamfy Is dobiom, especially wbca woecowrtliat 
Ifr. Hombhmer was a rival of Watt doring the whole of his csMCi 

It shoald Uk^wiiB bc observed, that the addition of a pump to 
the condenser ie never disputed to be the invention of Watt* and this? 
IS essential to its utility. One only instance have we known of a con-r 
denser without an air-pump^ and the engine went very irregularlyv 

The drawing before us rdpresents W^t's engine, with nearly- tol 
bis improvemente/ and ezhlblts Itia a dtite of-pirtetiim ' to irbidfe 
k ipwmilybmgl*i*-i hie poMiDl bis fife. Ifc serves aor pur- 
IIMe better to exphfoiik sncccssifc Blterations and ikddidons m this 
way, than to f^c-separatoaad nnconnected diagrsms, which would 
bnt convey to our readers an obscure and indefinite idea of theis 
arrangement. We 6.]iall first proceed to explain the principle of this 
machine, and afterwards detail the dates of tbe iia^ovemeats ^ ^ey 
wan added. \ - ^ . 

Our veaden muat suppose tbe i^iaders, a, to resemble that of 
NawcomeD's eBg^na, excepting that ii- is aaoccaociintelybored^ jso 
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that it may be perfectly cylindrical througbout.* It is fitted witfc 
a lid or covering at top and bottom instead of being left opea at to^ 
as in the old engine. In the centre of the upper covering is a hole, 
through which the uistoD rod passes; on thii» lid Is iha stuffing box, 
€, the lower part or which oonpktfof a hoop orZcavHy, with a iiMli 
and screw holes. The interior of the Bmltf ie large eaeegh to adaiit 
MMne soft vegetable snbstance (hemp or eottoo) to sorroniid the pie- 
ton rod, wiiich is likewise accurately torned. The covering or upper 
part of the stufiing box is less than the interior of the cavity in which 
the stuffing is lodged} when, therefore, the screws are tightened tiic 
upper part premises the stuffing close to the piston rod, and preveuta 
the escape ot steam.f d is the beam made of cast iron, it rest* 
epon the centre, e, and is comieoted at the fiirther end hy the cea* 
necting rod^ /, to the fly wheel, ^, the axis of which drives the 
machinery. The mode by which the revolation of the fly wheel is 
effected is by what is called a svn and planet motion, nnd may be thus 
explained:—-^ is a toothed wheel, bolted on to the connecting r<Ki 
so that it cannot revolve upon its axis, o is likewise a toothed 
wheel hxed to tlie iiy wheel axis so that they cannot revolve but in 
coDjQDCtion. The ceatres of the two wheels are connected by a bar, 
so that the centre of the wheel k describes a dide, of which the ily 
wheel a3ds is tiie eentre. The fly wheel, in this iostsnce, makes a 
revolatioa at eaeh stroke of the piston, differing essentially from 
the common crank, which makes but one revolution for two strokes 
of the piston. The latter rrifiy be compared to a man turning an axle 
by a handle, whilst the former is like the same axle turned by a 
wheel, /ued upon, the handle. Tiie principle will be better under- 
stood by reference to our drawing. 

Let ns suppose tlie oonoectiog rod to be descending. At present 
the points, 09, are in contract: bnt, when the connecting rod haa 
descended to the lowest part of its circle, the pcnnts f o inll be in 
contact J the number of teeth between o arid 7 corresponding in each 
wheel ; but this cannot take place until the wiiecl h is directly under 
the wheel on the fly wheel axis ; and as the piston has but half » 
Stroke to make before the wheel h wiU be nnder the other wheel, ttte 
htter wheel most perform a semi-revolntioD, whilst the centre, h, 
has only d e scri bed one-fonrtb^ or^ in other words, for each half stroke 



* This required a degree of perfection in the art of borin; which tiad oot 
been ettnined previous to the time of Watt. The method hitherto adopted had 
iMea to depend upoo the accuracy' ut the castiof for the guidance of the cat- 
ler, and aa this was ^tber flreqoently untma, or in aoae parts toller Ihao in 
others, tbo iwriOK varied from the true cylinder when either of these miii- 
chances aroae. The improved method obviated these objections by fixing the 
cutter block finnJy upon a cylindrical bar, and causiag the cyliad^ to 
reaoWe after it had been accorately dmcked, and the cutter blockwaa-ivo- 
folled the Ipn»fh nf tbp cylinder by a screw in the interior of the hnr. 

f Mr. W att propuied to use ieatber for sluflng. This, it isiveii known, 
wooM be apeodiiy dettrojwd by iMat. Bonblower nado the blunder of hie 
great riTal n constant theme of hit wit, and so far did be carry hU dispositioB 
10 laugh at Watt, that in his own specificaiioo he taid, ** Th* ttujfing ie^ wuld 
te/Mei itiik wart mfi tMk$tfmet, but »tt Itatkw,*' 
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^ the piston : and a whole revolution for each stroke thereof. The 
advantages of which are, that tlie fly wheel makes twice tlie number 
of revolutions by this method, than it would by the common crank j 
so that a lighter fly wheel is required ; besides which, it is extremely 
convenient where a rapid motion is necessary. There are, however, 
several disadvantages attending it, among which may be enumerated 
those of its being less simple, more expensive, and , more easily 

deranged. 

h e m is the parallel motion } the purpose of this^ is, to keep 
the piston rod perpendicular, whilst the end of the beam (to which 
it is attached) describes a segment of a circle, e f represents the 
motion of the piston rod, and b c d a 
the motion of the end of the beam, the 
centre of which is at The points c d 
are the only parts where the two motions 
coincide j and it would be impracticable 
to connect a piston rod, whose move- 
ment is rectilineal, with the end of a 
beam whose movement is curvilineal, 
except by a rack and sector. This was 
tried, and found extremely objectionable, 
and Anally gave way to the parallel 
notion. 





The following explanation will inform our readers of the princi- 
ple of all such parallel motions, a represents a beam, of which b 
is the centre, and c d another beam of equal length. « / is a rod 
joined to the end e of the beam rf, and the end of the beam foi the 
beam a. The piston rod g is attached to the middle of the piece 
tf; and as the beams are of equal radii^' therefore the versed sizes 
are equal, but in opposite directions, so that they correct each other ; 
for when the end jf o( e / is at any given distance from the perpen- 
dicular fine g k, the lower point e of e / is drawn the same distance 
.from the perpendicular in the contrary direction 3 and thus the centre 
of the piece e f will always remain in the parallel line g h. 

Though we may thus illustrate the principle of the parallel nio-' 
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Hob, yet fhie method is seldom or never adoptedy is< il iVfiiree 
• Iboch ektre fMni; beiedttse tlie beeoi ^ imug half the >el* ib» 
iiaili beam, tite engme douse rnust^ to admit it> be nearly one iMLi 

longer than U required for the beam alone. Tlie form generally pre- 
ferred, is that given in our connected drawing, to which wc will 
refer. The pistdn rod is attached by pivots to the end of the red 
6t Y^odi jr. whidi are also connected by pivots to the end of the 
beam. The rods are of equal length with those attached to tlie 
^Mn, and tdhi epon simtlar pivots on tiie beem. ^I^bmn t^n are 
^Dte^ctM bf'the' bridle k^' so that the ends of m end p dwsiibtn 
ftMilar line when' in motion. The beam or voA e M Se e({«id< in 
length to the part of tlie beam e so that e g m e would scpftrately 
exhibit the same appearance, and produce the sarue effect as woeid 
the apparatus exhibited in our last diagram ; that is to s^,- there is 
a point in ^ m which describes a r^tilineul motion. We ha?* 
already shown, that by the tod k, the pieces g m and the pieoeft r 
ttsst act' in conjunction, so thai if n pttalM motion iedfeMned fci 
g m, it most likewise be obtained in r . l*o tiirt port of i» Mm frfUMI 
rod is attached, end is thereby Icepl parallel doiiii^tboeMnfrilMl 
descent of the beam. 

' The governor or pendulum, is used for regolating the quantity 
of steam admitted into the cylinder., and may tie easily understood. 
The bails are heavy, and rise or fall according to the speed. Whee 
the engine goes too qnickly^ they also revolve with equal rapidity ; 
midln doing so, the balls noni their centrifogal fern being inoeaeed, 
'teeede from the centre, and therehj mise the lefore by wlueli.tlMgf 
era suspended j these levers are connedfd intlithe shorter ones, u u, 
which, in expanding, cause the ring or strap, w, to descend. Into a 
groove of this rino^ a fork or semicircle is made to fit, which fixed to 
the end of the lever, w H, so that as much as the strap ascends the 
farther end of the lever descends, and by the rod, H Z, depresses 
the handle of the throttle valve, Z, which is a vane in the interior of 
the steam pipe, of snch dimensions as to completely fill the pipe in 
one position, and by presenting its edge |to the steain in anomr, to 
bppose no resistance to the entrance of the, steam. 

We must now return to the cylinder and condenser, the latter of 
which is not shewn, but may be briefly described. It consists of a 
tube immersed in cold water, and connected at the bottom by a pipe 
to a pump, which is worked by the rod, 4. Tlie use of thii pump is 
^ preserve the vacuum by drawing oif uncondeosed vapour and the 
vnjtat of injectloii. It nets predssly on tbe same principle as the 
common air pntnp, en4 b^s tbe lame name^ the receiver being the 
^pondenser^ and the pump similar in botb« We will now suppose 
steam admitted from the cylinder : a valve, called the blowing vahe, 
is opened, which permits the steam to enter the cylinder and con- 
denser, and drive out the air. When the air is expelled, which may 
pa known by the crackling noise and ebuHition u liich takes place in 
tbe water, (tbe former arising from tbe globules of pure steam rapid^ 
eeiideosiog, and tbe water therd)v colU^ing), the blowins valve it 
dint, and the valves arranged so thai the steam can enter Ae nypar 
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fnrt of tike cylinder. The steam acting in conjuctioo witb tlM vacnuai 
ttDwImnd^M tbeloireiriideof the pistoiiatBMslllpteciMdItllMi 
MtaM. TtoltTtr» 1> is Dow tarned down|rards« aad 

▼alve, whilst 2, on a pipe behind that which we s«e, opens a paisagt 
to the condenser. The lever, 3, is at the same time opeaed, admit- 
thigihe steam under the piston , which consequently ascends. In tiic 
act of rising, a jet of cold water i& admitted into the condenser, 
wiudi expedites the ooadensatioD. There are a number of tJtppeU 
m Mie ^mp rod, 4, wliSoh loptat lihe cbaLgmg «f tlietilTM wkm 
1^ Mgpiie II kfr to Utelf. The water im tb» TCBenroir snrroMidMy 
tiM condenser would be soon beated by tbe steam, bot that a pnn^ • 
worked by t!ie rod, 5, keeps a constant supply of cold water from the 
well. 6 is a small pump, which supplies the boiler with wat& fmo 

- IIk heated water drawn oot of the condenser. 

- ' ' Haring now explained the .mode of operation^ we have to ttat* 
■ tlnH'lte iirit engines "Win med Ibr pamping water^ end Igv tliel 
purpose alone; Tlie first engine, Aerefbra, wns like N ew ce in e n 'i^ n 
single acting one, as its power was only exerted in one directien. 
It was covered at th6 top like the double engine, but instead of having 
the steam and vacnum to aid it in both ascent and descent, the vacuum 
was only used in the descending stroke of the piston, whilst the 
areeadi&g one was effected by a heavy weight or counterpoise at the 
intlier end of the iMedi* Dnring the letter operation the steein wm 
admitted by a velve from tbe upper to the umder ude of the piston, 
end wns there need for forming the vacoun belenr. By this niethod 
the air was entirelv excluded from the cylinder. 

The first engine M'as of this description : it was erected o<i the 
estate of the Duke of Hamilton, at Kenneil, about a mile from Bor» 
rowstoness, ia Scotland. The cylinder was 18 inches in diamettfy 
f« $m$ it eras eMBW^Tely altered and imptoved, until It wns faronght 
totensidenMe perfeelk»i«" In 17^ and 9 a patent was procnred 
for the invention; and in coojnnction with Dr. Roebnck^ (tfaelsnndir . 
OftheCarron Iron Works, and t^irough whose interests the e!q>en- 
aental engine bad been erected at Kenaeil) arrangements were made 
to manofac^ure on a large scale, when, from pecnniary embarni:i3- 
ttents, the Doctor was obliged to withdraw his promised aid, and 
Wettwes eboitto ebendonhis project. It fiirtnnatelv happened, 
however, tint n negoeielioii wns onened ^th Mf • Metdiew SoltoD» 
el IHimingfaam, which wnscoBdnoed in t 

Prom this time things went on successfulfy ; his colleague was a 
man of wealth and influence, and lent his utmost aid to the extension 
of the sale, which was effected with great difficulty, chiefly arising 
from the increased cost of erection. The patentees erected the 
engines at snch prices as could be obtained, and reoelTed a thipd 
psrt of the sa\nng of ood, whlch mfaig wns dedded by a machine 
similar to that now osed on Waterloo, Soathwark, and Vauxhall 
bridges. It consisted of a train of wheel work, which was moved at 
each stroke of the beam, and, of course, it could be easily ascer- 
tain ed how many strokes had been made in a given time. 

In the early engines a rack and sector were used for the purpose 
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of working the beam by the piston 5 but this was very defective, ainl 
easily disarranged, especially when the direction was reversed. 
This gave way to the |iaraUeI motioD : one of the br^htest ihougbts 
wlM evar ooGomd to If r. Watt. 

AnelOm diflicolty waa tlw imigiilar motioii of *the engiiie^ * whidi' 
waa mb^tct to considerable Tariation in speedy at the nvpply of 
steam in the boiler varied. This was obviated by the governor actiog 
upon the throttle valve, which, we have already shewn, admittca 
DMureor less steam, as the speed decreased or increased. The 
governor was not Watt a invention, but had been previously need io 
corn mills, which were subject to similar irregularity. When the 
Bfeoiiot moved loo qokkly, the meal^ by . the riso of tlie itoMj ^ wu 
lop ooaiae, when on the contrary, tho. Botkm was slow, the meal 
produced was small in quantity and too fine. The govarnor^ • onas 
it was then called the tent-ttfter, brought the mill stones nearer when 
in rapid motion, and removed them further off when slow. This in- 
^nious regulator was applied by Mr. Watt tolas throttle valve^ 
and has been ever since nsed for that purpose.* 

Mr. Watt in 1T78 states, that he contemplated the practicabili^ 
of oMidiig a rotativa wn^dnu fnm. the racipoealuig one, and for .lina 
parpose he thought of Iha ciarir (for which we httra aaen Hulls had 
previously obtained a patent, but which was nakaowa lo Watt), and 
when he had nearly brought his project to bear, and was about taking 
out a patent for it, he found that ;i Mr. Wasbrougb, of Bristol, had 
already obt»ined a patent for the crank Mr. Watt therefore finding 
himself thus prevented from using bis invention, set about something 
which might answer the porpose instead. . This he effected uby. his 
aan and puuial wheel, wMipoaaaMaa, aa wa hara^aiid^ aeaM-ad- 
vantagea orer the other. 

Thus we have briefly described the successful application, and the 
bringing into general adoption, this nearly perfect machine. We 
concitide this chapter by observing^ that although there is scarcely 
a week passes without a patent being taken out for an improvement 
in the steam engine, it lias undergone little positive amendments 
The faults have been little removed by all the talent .and industry 
iOKffted-for Ihe purpose ; b«l theaa delBeta,'aaid>l]M. attanpla 'to 
MMYalhen, we ahw ei^lamk tlMloUowu^ diapt^ 
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CHAPTER Uf. 

^OXT&NTa, — D£VECTf OP BOLTON AND WATT*M ENGINE. — f RICTfON— RF.C1PII«« 
CATtOW— POWftK 09 1** CRAIIK— !fO roWMt bOVT nnKBT— ItHllMVMIt 

W KATt Of TH ^: PISTON ROD AND CYLINDER. — DllAI»TA\TA(i EiS ATTLNdINO 

TBS u» OF Tiro Kua^ma with tab cbamm at bimt anglks witb bach 

OIVBH^WATT** BOrATOBY S1Mltlt»— WA«T*t tmi-BOTATIVB AND ltOTA> 

Tif B utGiiria— >mAiijui*t ftsiiAmxft m watt* 

» 

Wb now come to speak of tlie imperfections attendant on the 
Boltoo and Wall engiiM: tlleae aie« fad^ fnm tiM rahbing of the 

^loviog parts against each other— Uie reciprocation of th« aa>biuery, 
. and the irregalarity of the motion : we shall notice them successively. 
1st, The rubbing of the parts against each other.— This evil must 
e^ist in every conceivable form into which tUe steam engine may be 
modified^ but no doubt the quantity may be considerably reduced. 
The steam, in ord«r that we may lunre its. foil efi[ect> acts agabst a 
mmttble pistoo* in a cyllader mm whadi it cauot ttet^. This 
]riitoais> as has been expiaiocd, padid or stuffed on ita tAgn, which 
prevents the steam from escaping past it ; and from the nature of the 
material nsed for packingf, and the tightness with which it is pressed 
against the cylinder the friction arises. This is sometimes so great, 
that we have seen eagines where the whole force of the steam could 
not give them motion. It is usually estimated, at one third of the 
power of the tteam— 4iiat la to aay, .if the steam aoted upon a piston 
villi a Ibree of - 1500 lbs., the effect produced would Dot,qi»eed 
1000 lbs., a power of SOO lbe. haniig been absorbed by Ibe nmveiaeet 
«f the machinery alone. 

The next objection is the reciprocation of the parts. This is an 
' «vil of considerable magnitude. It originates from an inherent inw 
in matter, by which all bodies huTe a tendency to continue in the 
motion eommunlcnted lo them, or lemainin thdrnatpral stale of nest. 
If a cannon ball becHsehaiged from th*ae»thof acannon, it reqeires 
igL exertion of loroe to give it an impetus greater than would be re- 
<|iured to continue its motion. If its progress be arrested whilst in 
motion, a shock will be experienced by the body which impedes it, 
the force of which shock w ill vary as the velocity of the ball. When 
this ball ceases to move without any vMle impediment, it is not that 
its original imoetos is exhausted or spent^ (tboegh the latter term is 
fre^pendy nsca) bnt that it is gradually overcome by tlie particles of 
air winch form a saccession of points of : resistance upon which its 
force is nearly dcetroyed, and it is then drawn down to the earth by 
the soperior attraction of gravitation. If we could destroy the inter- 
mediate resistance of the air, the ball would continne in motion for 
over, because nothing would intervene to destroy the primary impetus. 
T^is property of matltr oceasioais a considerable destraction of power 
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in tbe steam englue. The motion of a massive beam, and its neces- 
sary appendages of machinery, a piston, connecting rod, parallel 
motioa, and pump buckets^ hare to be reversed at each stroke of the 

engine, and that too when the speed is very great. The natural 
state of rrRt,or rislnerfirr, ?\ r.ihc force ofinactivitv. has to beovercoine 
at thecommencementofeach Stroke, and when a oreat velocity is acquired 
it is as snddenly checked to prepare for the returning one. Thii 
necessarily produces a great &Uixxa upon the machinery, which mus| 
be nade proportionably more massive: and it reqaires likewise great 
nkitt la the ceMtroctloa of the engine house to prevent Its being 
ttltimately destroyed by the alternate jmsli and pull which it experi- 
ences at each reversion of the beam. We have repeatedly noticed 
the best consfrnctcd engine houses shaken, and almost falling to 

pieces trom this cause. 

Various schemes have been proposed to remedy one of the eviU » 
of reciprocation. We mean the shock experienced by the reversion 
of the matter. It is not espocjted to prevent the loss'of power sns- < 
tawed therebv ; foif* thnt must remnin as long as the law of T»hk^ we 
have jost spoken ensta. Where a cmnk and fly wlteel are used to 
obtain a rotatory motiooj a shock is prevented by the velocity beintf 
j^radiially retarded, the crank having to perform a ifreater portion o? 
its revolution with only the same surface of steam at the commence- 
ment and termination of each stroke of the piston : we explain our 
meaning by reference to the margi nal diagram. 
« A is the cimikof aeteam enginoj ef whieh 
the seni«cirele, d, e, a, c, f, rejMVsents the 
motion eomnnaionted by one stroke of the 
pittODi when, therefore, the crank in its 
present position is moved from a to c, the 
piston is at Its greatest speed, and travels 
nearly at the same velocity as the point a of 
the crank. But when moving from c to d, 
an 'Oqnal piston of a levokition^ the piston 
only moves a distance eqnal to ^ d, m the 
samespaeeof time, as it had previously moved 
a distanee eqna! to b g, almost donble of d ff. 
Hence it appears thnt the crank, by gradually 
decreasing the speed, is admirably adapted for preventing the violent 
sihock which would otherwise be experienced by the piston striking 
tiie top and bottom of the cylinder, and by changing the motion of the 
beam too soddenlv, bat it diws nothing towards reducing the powaif 
loal by reciprocatiott* In pnmping engines* where a 6y wheel and 
evank are not used, other means are adopted to check the force of the 
piston, or guard against the shock of stiddenly changing the motion 
of the beam. In the coal districts the u'?nal way is to shut off the 
steam when about two third;? of a stroke lias been performed j the 
expansive force of that already in the cylinder, together with the im-' 
petus of the piston sufficing to barely carry it to the termination* . 
w iift a a t violence. In tiieh engines springs are toBtetiaKt tod abov» 
., o d M ow tho'lleain, so ae to cheek its progretS'tlMiildthe iteaiiiposiets . 
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auffeioroetfaaniiuijrbeexpected. HoiioelmppeDedf''tayftMr.Fbicy> 
that the valve of the prnnp bucket brealdng* the engine siiddenlt 
tost its load or resistance, which occasioned the piston to descend 

and strike on the spring beams for two of three ^successive strokes 
with snch vtolpnre to break one of the beams, and at last the piston 
striking the bottom ot the ryliEider, the momentum of the beam forced 
down upon the rod so violently as to bend the jfreat piston rod quite 
crooked. To preveut similar accidents, a amaiier steam pipe was 
added to the side of the vertical steaiu pipe comoiniiicatiiig with the 
passage into the bottom of the cylinder. This pipe is kept cbied by 
a Valve ; bnt if the engine descends so low as to strike on the Spring 
beam, a catch pin on the beam strikes a small lever, and by a wire of 
communication opens the valve and lets the steam into the lower part 
of the cylinder beneath the piston and thus destroys the vacaam^ so 
as to prevent the further descent of the piston." 

This addition, it will be understood, applied only to the single 
acting engine, but it serves to shew that the objeoCions wnhave given 
arising from momentnm are not merely theoretical. 

The beantlfiil addition of the crank to the steam engine, althongh 
the means of cxtendiug its utility tenfold has been the subject of mach 
objection. Engineers and others possessing- considerable claims to 
the character of scientific men, have not uTifrequcntly raaiataincd that 
there is a considerable loss <»f power by the change in the length of 
the lever as the ciauk revolves. We shall endeavour to show the 
error Into which snch persons have fhllen. 

The principle of the lever is so well known, that it Is scarcely 
necessary to explain it: lest, however, it should not present itself to 
all our readers, we shall give a short description, In all levers the 
nniversal property is, that the effect of either the weiijht or the power, 
to turn the lever about the fulcrum, is directly as its intensity and 
its distance from the prop ; whence it is deduced, that if parallel 
forces acting |>erpeQdicularly upon a straight lever keep it in equi- 
Ubrio> they wiU be to each other redprocally, as the diBtances from 
the lolcmm vpon which they act.** * Thus, supposing a bar of four 
feet In length be &ced upon a fulcrum exactly In the .middle, and an 
ounce weight be suspended at each end, the two ends will be in 
cquiHbrio, beefuisethe force of gravitation is equal, neither possessing 
it in a greater degree ; but it the fulcrum be shifted and placed three 
feet from one end, then it will require three ounces at the shorter 
end to balance one ounce at the other. If motion be given to the 
shorter end whilst the fnlcmm remains the saute, the end of the longer 
lever will traverse three times the space of the shorter. 

The crank of a steam engine is a lever whose fnlctnm Is at a. It la 
the nature of the crank that its power or leverage varies with Its 
position. Let a b represent the crank, the point b is moved by the 
connecting rod, and revolves round the centre a» Supposing the 
resistance be equal to lOO lbs . or that 100 lbs. have to be raised 3.1416 
feet for every revolution of the crank : it is evident if a force or weight 

" * Chad and <Qrecory« - ' 
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flxceediog lOOlbs. be applied at b, whilst the crank is horizontal^ it will 
lie Buffident to raise the weigbt. But when the point b has descended 

to c, the length of the lever being describe by 
its siue, the vertical line, e c, drawn through 
a b, shews ca to be the length of the lever, 
which is only one half of 6 a. It would^ there- 
fore> reqoiie a weight double of the former 
to continue the motion* And if the crank 
)^ descend to/, the vertical Hue* d f, shews da 
to be the length of tlie lever, and to be only one 
fourth of what it was when horizontal. Whea 
it reaches^ no jjoweron earth applied through 
the medium of tiie connecting tod, would further 
continue the motion. 



To eqoaliio tbie irregularity, and in some degree to oompennte 
tbiB great rariation, the cylinder ii of each dimensions ea to give oat 
aooniuterably greater power wiie» the crank is horiaontal than is then 

necessary. This extra power is employed to give motion to the fly 
wheels which is of sufficient dimensions to retain the impetus until it 
is past the point d, when the Steam begins to act with effect upon the 
lower side of the piston. . : , 





^ Let a represent a cylinder, the length of the stroke of the piston 
, being two feet, d e is> the crank, the length of which is one foot ; 
3 the beam> the fiilcmm of which is exactly in the middle. If the 
piston be put m motion the extreme end of the craek will describe a 
.^^Msmi-circle of 3.1416 feet. Now let us suppose that a drum be fixed 
.upon the axle e, whose circumference is four feet^ equal to one as* 
cending and one descending stroke of the piston. If a weight be 

suspended by a rope to tjiis ^vm, as at A i the power of the engine 
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at that point will exceed the power necessary to raise the weight as 
much &B d e exceeds t e. Tliis extra power is commnoicated to the 
fly wheolj which liulbfblly gifcs it oot when requited. When the 
enmk has dMoended ao ai to decrease the length of the iercr, fhat 

it U shorter than i e, then a portion of the extra power m the fly 
wheel is destroyed in aiding the decreased leverage of the crank. 
And although the power gratianlly decrei^es, jet the speed of the 
piston gradually decreases also, so that if the power of the crank be 
only one half in a certain position ^ yet the quantity of steam used is 
only one half, and thus the effect of no part of the steam is wasted^ 
the effisct being in every point equal to the steam expended. It Ss 
tnie that if we could have applied the power at a point equidistant 
firofll the centre in every part of the revolution, we 8hou](! have ob- 
tidned mucli grc:itcr leverage, but then the expenditure of the steam 
would have been proportionably greater, 

Wewill further explain this theory by referriog to another diagram. 
g d represents a iever like the crank: 

f being the axle. « d arc two vessels Q=r- ^Tj S 
tted with pistons, and in every re- \ \^ ' T^i/ 
spect resembling cylinders, excepting 
that they are curved so as to describe 
portions of circles formed from the 
point g. We will suppose that the 
piston in a acts upon the extremity 
of the crank, and that in at half 
the dIstanoB hwtt the centre. The 
Tessds are of the same area, so that If steam were introduced from a 
boiler^ it would press with equal force upon each piston, and con« 
se^uently the rods would each press with an eqnaJ force upon the 
points, e d. Now it would be maintnined that, beciiuse at c there is 
only half the leverage, therefore half the effect of the steam in d is 
lost ; but it v\ ill be found, that if that lever, ^ rf, be moved any given 
distance round its centre, tliat the piston, d, only moves half the 
^Bstanee of the piston, a $ and eonsequentlyi the areas being equal, 
and thedlsta&ee unt one half, only half the steam is expended. Hence 
It Is dear, that the consumption of the steam in every point of the 
lever is only equal to the effect produced. 

There are minor objections against Watt's engine which, never- 
theless, should be noticed. One is the waste of steam at the reversion 
of the motion of the piston. First, from the pipes between the valve 
and the cylinder. In filling the cylinder these must bt hUed, and in 
discharging, tbesemust likewise be emptied $ so that they are filled and 
emptied ateachchangeofthemotion. Sot in thecylioder every particle 
of the steam produces anefiect : whilst here the steam used produces no 
effect^ and is therefore wasted. Secondly, from the changing of the 
valves themselves at the improper time. Tt may indeed be said , there is 
no proper time to change the valves, because there is no time at which 
they can be changed without disadvantage by loss of steam; and the 
di^iculty of determining the precise time frequently occasions their 
bang changed at such a time as to waste more steam than is unavoid- 
able. Hie necessary waste arises from the change of tihe^valves bebif 
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a.W9rk oi time^ whilst tbe reversiou of the strak« U iostantaneoBS : 
tlimll»«e» eitliir tecfaaogeof valfCB begiiHi tooim* t&d ndinto 
•twn isljD thft vftnuua More the sicoke k epmplotfd, or endi 

late^ and admits stmn into that part of the cylmder wtien a vacmiBi 
is formiug, thereby preveating its formation ; or otherwise it is at- 
tended with both these disadvantages. The improvements in the 
valves^ w e are sorry to say, have but increased this di£Eu:ulty« and 
which we shall notice in their proper place. 

Another disadvantage is the unequal form into 
wbicb the cylincler and puton rod bocome won after 
iMiving been some yoarti in nse. This arises fron 
tlie mied speed at which they travel, and to their 
not passing over all parts of the surface. We have 
seen a piston rod in use full as much out of form as F 
that in the drawing, and cyliu'lers nearly so. The 
form of the piston rod arises IVotu the purts 1, 2, 
and 3^ 4^ being only partially drawn through the 
stjiffiDg box, coiiseqoeQUy less mkM %ham the 
]iii4dle« which is drawn throogb at each stroke. 
The decreased diaaeter in the akkUe of the rod 
arises from the speed bcintr greater there than at ^ 
other parts, (the cause of which we have explained) r \ sj_ 
and creates in consequence a greater wear, 1 

The irregular wear of the cylinder is produced in the same maa- 
uer. The piston is not drawn through, but merely coOMiliieevtMStf 
or is partially mored threogh 5, 6. and 7, ^ whilst it rapidly paisee 
themddle, and tbeBafore» in that paft» it is more worn than aft aag^ 
ether. 

The last inconvenience we shall notice, though it is by no means 
the least, thnt the fly wheel is the constant and indispensable 
accompaniraent of the crank. TWs will appear evid^t from what 
ly^ have already stated. 

Independent of extra cost, extra friction^ md Uttr* i etW» » it he* 
^9mm eeoessary to hare two engince te steam boats, to ol>t»ui any 
thieg like a regular metioa, and evee this is tar firom iigelar. I» 
steam boats the two cranks are fixed upon the laeie axle as that on 
which the paddles are plsoed* By this contrivance, when the crank 
of one engine is passing the centre and has no power, the other is at 
its greatest power, and thus aiding each other, something like an 
eauality is preserved: bnt this is irregular, as a variation still 
takes place in the mean length of the two 
levers, a e, and e h, represent twoeraekSj 
the aade of whtoii is a is now passing 
the centre^ end' therttfoie has no power, 
whilst the other, eh, is at its greatest 
power. The mean length of the lever, 6 
therefore, is at d, or one half of c b-, bnt 
when the two cranks have made one eighth 
of a revolution, as to cf, and c g, then 
the line» f ^, shews the mean power to 
1|e«t 'ejt Iwniig wied firom 0 if to e • 
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This irresfularity hf*ing tinaided by a fly wheel may probably accoumt 
for the vibration which we frel in many steam boats, and which 
appears to proceed from some other cause than the reciprocation of 
the parts. It should be observed that the iuipetuis oi the boat makes 
the paddles act as » kimd of % wheel, becaM»if tkey'were suddeolf 
diaeagaged froin Itbe' nuusbkety they would contimie to revehe of 
theuiselves so long as thBTriodiyof tMiltfteaoi was Un tllft»tll» 
▼docity of the boat, because then the tttmm acts like the cnrreot 16r 
an nndershot wheel. So lortfj as the vanes continned to be di-iven 
against the water, so long would the motion of tlie wheels be continued 
in the same direction as that given bv the machinery; therefore we 
say^ they are fly wheels of a peculiar kiud ; but still as the speed would 
immediately decrme as they were disengaged frbn tke'noifelliiierj^ 
from the jidding natiiro of the nedimB thrmigh whioh tbey pa8i> io> 
abo'woiM they vary in Telocity as the mmn i^Wbr'ol the oiaalt 
increases or diminishes. 

Ft will be rcndily conceived that these disadvantages must have 
exercised the talent of many ingenious men. All have aj^eed that 
the remedy might be found in a circular or rotatory motion, obtained 
from the steam itself, without the aid of the beam, crank, or piston 
lod. That if this coold be efffotaally done, it mM «l» kwmf. wiKtk 
almost every defect of wUeh we have ^okeft. Reeiprocatiatt wookfc 
be removed, as well as irregularity ia the power of the lever ; and as 
for friction^ that of the beam and appendages wonld^ at all events^ 
be destroyed : but it has been found that, hitherto, notwithstanding 
the advantages attendant on this kind of engine, inconveniences and 
difficulties have b^n found, peculiar to each varied form, or common 
to all that haveprecluded its adoption inpreference to the reciprocating 
engine. The defect in nmoy of them has been exoessiTe friction, 
and, in nearly eA, the dlfficnlty of malntaittiiw the paclcing ateam 
tight: this is as much as we can say as to we general objection. 
We shall direct the attention of the reader to several of the best 
rotatory sagkiet, and eadeavoor sefMfately to shew tiie causes of 
failure. 

l ite bhrewd and investigating mind of WaU seems to have directed 
itself in the very outset of his career, to the desirableness of such an 
engine : for we find io his patent of 1769, (the specification of which 
we have examined,) that a rotative engine is one of the imrentions 
indnded therein, and seems to claim precedence in bis judgment 0f 
we may judge by the order in which tliey stand) to the use of henp 
and ci! in ]);icking, instead of water as in the old engines. 

We will extract that part of the specification verbatim. — 

Where motions round an axis are required, I make the steam 
vessels in fom of hollow rings, or circalar channels, with proper 
inlets and ontleU for thesteam^ mounted on horisontal nxles like the 
wheels of a water «ill. IVilihin them are planed n nnniber of vdvce^ 
that suffer any body Io go ronnd the channel in one cUrection onlys 
in thcFse steam vessels are plnccd weights, so fitted to them, as 
entirely to fill up a part or portion of their channels, yet rendered 
capable of moving freely in. thftou thf^fuim hereinafter mentioned 



Digitized by Google 



46 



HISTORY OP THE 



or specified. Whea the steam is admitted ia these eDgines, between 
these weights and the valves, it acts equally on both, so as to raise 
the weight to one side of the wheel, and by the reaction on the valves 
SDCcessively, to give a circular motion to the wheel the valves 
opening in the direction in which the weights are pressed, bnt not on 
the contrary. As the steam vessel moves romid, it is supplied with 
steam from the boiler, and that which has performed its office may 
either be discharged by means of condensers, or into the open air." 

There is a great deal of confusion and ambiguity in this part of 
the specification, as, indeed, there is throughout, so much so, that 
we are sarprised that the patent was ever sustained, since it is 
required that all specifications should be so clear, " that a person of 
moderate capacity, having a little knowledge of the science which led 
to tbe invention, can immediately see the method pointed out, ahd 
easily apprehend the purport for which the subject was invented, 
without study, without any invention of his own, and without experi- 
ments."* No drawings are given of any one of the six inventions 
included in this patent, and the reader may judge by this specimen 
whether any one can comprehend it without study. After much 
ttndy we have been able to come at the meaning of the patentee, by 
lopplyisg^he form of the valves, and indeed, most of the principal 
parts, and in that form we submit it to our readers as 

' THE FIRST ROTATORY ENGINE. 




* God ton on PateBtt» p. 109. 
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la explalDnf Its principle we dnll repeat tlie wofdi of tiie 
ipectficaftionj mabng ndi afieifttioiiB m tl» Uingaage asnay mtSn k 

understood. 

" Where motions round an axis are required, I make the stesm 
vessels in t)ie form of hollow rings, or circular channels, with proper 
inlets and outlets for the steam" (as at a and "mounted on 
horizontal axles" {c), " like the wheels of e water mill. Within the 
€weuhr tkmmeT {d4i^ placed amunber of valm" {9 
" thai snffer any body to go round the channel in one direction only: 
in each steam vessel is placed a weight" {/)% "so fitted to it*' (by 
packing nt g) ' as entirely to fill up a part or portion of its channel; 
yet rctidered capable of moving freely in it by means hereinafter 
mentiooed. When the steam is admitted between the wmght and 
valYes^ it acts equally on both, so as to nlse the weight to one side 
of the wheel ; and by the re-action on the valves socoesnvely, to 
^ve a circular motion to the wheel, the valves opening la the direotiflp 
in which the weights are pressed. As the steam vessel moves round, 
it is supplied with steam from the boiler, and that which has performed 
its office may either be discharged^ by means of condensers, or into 
the open aur.'* 

Now that we have nede the language a little dearer, we shall 
wroceed to describe sodi a machine as we imagine the infentor had 
in his mind; informing our readers that the hollow arms, fom ef 

the valves, manner of admitting the steam and allowing it to escape, 
are added as the best means we can devise to answer the proposed 
end; but we are not aware how they were really formed, whether at 
the time the specihcation was drawn up, the inventor had any decisive 
plans in ^wj or, that he (like too many patentees) tmstsd t» the 
resources of tjs own mind to supply them when he proceeded eii the 
experiment. 

d d d'ls the circnlar channel, bolted together in segments, in whidi 
the weight, made of cast-iron or lead, f, can move freely. The 
weight is packed with hemp at ff, so as at that part to fit so tight in 
the channel, as to prevent the steam from escaping past it. a t t i are 
km hollow arms, commnineating with the hollow ring, and ndlh a 
cylinder or hush jj, into which is fitted a drenlar plate of metal ik, 
having two cavities a b, in the situation shown in the drawing, i is 
covered with another plate to which it is accurately fitted, to this 
outer plate is attache<l the eduction pipe which communicates with a, 
and the indnctioupipe, which communicates withb ; the plate audits 
coverinff, remain stationary, whilst the wheel revolves, and the open 
end^of nie arms i 1 1 1, successively pass over the epen spaces « and 
> admit the steam or snffiBr it to escape, as we shall now explain* 

The steam being admitted from the boiler mshes through the arm 
1 3, into the channel, anil, shutting the valve 0 1, or finding it already 
shut, forces up the weight / ff into one side of the wheel, (as shown 
in the drawing); this canses that side to preponderate, and in en- 
deavouring to regain its former position makes the wheel to revolve. 
But, in the mean time, a supply of steam is kept up from the boiler, 
•wfaiflli p we i r v e e the witght in ittpment posttioo^ driving the wheil 
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round ia the opposite direcUoa, svhilbt the vaUe t "i, Uaviiig passed 
tbe ritnatiiMi it w now io^ It shat by tte Unret I, ttritiog the uppet m, 
and receives the force of the steam^ previously upon €L When the 
wheel has feroivid a little farther, the arm i 8 conuDUDicates with the 

edactioD passage, and allowe the steam to escape which was between 
the valves e 1 and e '2. Immediately after, the valve e I strikea 
agaiTist the friction roller A, and is by it forced into the recess, as- 
eumiiig the position of eA. At the same time the valve e3 has got 
dear from the weight, and fails by its own gravity into tiie positioa 
tie 9, alter which it ia sluit by the tappet m, in the way already 
«tplained. Thus tbe ralvee sncceerively receive the 'action of tii« / 
eteam, and the weight being preserved In its elevated position the 
wheel continues to revolve. 

Snch was the plan designed as the first rotatory engine. It is 
because it was the hrst, and becanse it was the invention of Watt, 
that we place it here. In itself it possesses few claims to our atten- 
tion. If such a machine could ever be uiude, (which is doubtful) the 
excessive firieiion of the weight moving in the channel wonM exceed 
tlmt of the common engine ten^ld. „Bat the worst faolt would be, 
that the padnng coold not be preserved steam tight foir any leogth of 
time: for hempen packing it is wrll known cannot pass over in its 
course any cavity, or irregularity of surface, without being soon torn 
out, and rendered inc.ipable of performing its office. It would also 
be required that tiie interior of the chanucl should be accurately 
tomed» which might be effected in small engines by taming a section 
«f the wtieel at once, (snch as opr drawing represents) and afterwards 
bptting two of such sections together; bnt in large diameters, sich as 
would be absolutely necessary for large powers » tbe vibration wonld 
tender their being turned an absolute impossibility. 

We rafinot learn whether Watt ever proceeded on the experiment. 
He himself states that — " a steam wheel, moved by force of steam 
acting in a circular channel, against a valve on one side, and agaiost 
a column of mercory', or other fluid metal, on the other side, was 
eieented at' Soho, upon a scale of six feet, and tried repeatedly, bat 
WIS -given np as several objections were found against it. ' Frooi 
^it we may conclude that tne patented machine ^ bad probably* be^ 
tried and abandoned, on the jrronnd of exressive friction. 

We have likewise some information on the subject of Mr. Watt's 
experiments on rotative engines, by Mr. Farey, (in his article Steam 
Engine, which is to be found in Rees's Cyclopedia,) who say«, " One 
of his first trials was uncommonly ingenious | it consisted of « dmm 
tnniing ak-^^lglil within another, mM eMpMss je dup99ei» that^tbeie 
wm 0t eonffenf. mid greta pft un re wrgmg ii m one direction} but no 
Mckbg f€ the common Und could preserve it air-tight with snfficieni 
needom of motion. He succeeded by immersing it in mercnry, or in 
an amalgam, which remained f!uid at the heat of boiling water, but 
the continual action of the beat and steam, together with the friction, 
soon oxydated the duid and rendered it useless. He then tried Parent 
or Barker's Mill, enclosing the arms in a metal drum, which was 
immersed in cold witcr. ' The slMn mM rapidly along the pipe 
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which was the axis, and4t was hoped that a great reaction would • 
have been exerted at the end of the arms, bat it was almost nothiDg. 
It was then tried in a dram kept boiling hot, but the impalse was 
very small in comparison with the expense of the steam.** 

The former part of this* extract is about as obscure as the speci- 
ficattoD which we have just noticed. We should certainly have 
exacted from a man of Farcy's experience a somewhat clearer 
account of any experiment than that with which we are furnished ; 
for to say there '* was a machine with cavities so disposed that there 
was a constant and great pressure urging it in one direction," con- 
veys no further idea than that a motion was somehow obtained, but 
how, it is utterly impossible to know. The amount of this extract 
is, that Mr. Watt tried a great number of experiments in order to 
obtain a rotatory engine, and that in these experiments he failed. 
The information we gather from Mr. Farey might have been said in 
as few words. 

1' The second patent of 1782 (for there were two patents of that 
year, one in February and the other in July) describes a rotatory, 
and semi-rotatory, or reciprocating rotatory engine. To the rotatory 
engine we shall hrst direct the attention of the reader. 




c is a cylinder of any given dimensions, say a foot deep, and 
• three feet diameter, a is an axle, passing through stuffing boxes in 
.each lid or end of the cylinder, b is the piston packed at the ends 
which rubs against the cylinder, and at the sides which rub against 
the lids, which are previously turned j the form ofthispiston, therefore, 
is square, packed on three sides, and fixed to the axle a on the fourth. 
. < is a valve or flap, which turns upon a joint or pivot /; the concave 
.side is a segment of a circle of the same radius with the cylinder. 
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tt-ektdMi the whole length of the cylinder, is paeked on its «idet> 
Md when sinit back into the civity d, becomes, as it were, a part off 
the cylinder t eompletingthe circle, which is imperfect when die vdv^ 
is in its present situation, g is the pipe for adoiittiDg the stetm frwtt 

the boiler, ahd A the pipe for allowinj^it to escape into the condenser. 

Steam being admitted from tlie boiler through g presses equally 
upon € and b, but e being stopped against the a^le, the piston b 
recedes from the^essnre, and turns the axle a and a heavy fly wheel 
hmnd'with It. The piston o6itinnes in motion until it comes in 
contact with the lower side of the valfe e; where it would stop bot 
for the impetus of the flywheel, which trges it forward, and it strikes 
the valve f into the recess d, and moves roend mitil it passes • 
when the valve, either by a lever or by its own gravity, resumes its 

E resent sitttatiouj and the piston receives the action of the steam as 
efore. 

This plan, we are informed, was never carried into execution^ 
Imil we nrastj therefore, as in other instances, endesivonr to trace the 
•objectlbhi from snbseqnent ezperieaee, bet thm faiM^been so many 
scnemes closely resembling this, that these are easily ascertained^ 
Hm principal objection appears to be that it. would be liable to de«> 
rangement, as the violence w ith which the valve would be alternately 
driven into the recess, and uj)ou the axle, would speedily shake the 
machine to pieces j besides which, it would be impossible for the 
packing used in the reciprocatiug engine to pass ever the pipes kg, 
witkont being torn im and rendered nseless. A'greal waste of steaa 
most likewise take place whilst the piston is passing over the snrfaee 
of the valve : for at that time the steam pipe ^ has a free communi- 
cation with the eduction pipe h ; and every one acqoainte^ with the 
subtle nature of steam must be aware that as much steam would 
thereby escape^ without producing any effect, as would have been 
sufficient to work an engine free/rom that defect. This last objection 
might be obvi^tedJ[)y shuttinj^ off the steam during that part of the 
revolation5 l>nf^ specification proposes .no snch method^ and we 
are not antho/^ed to make aajr grstrntous addition. ■ . 

The semi-rotatlvc engine next comes under our notice, dd in 
the interior of the cylinder, similar to the last. It is likewise fitted 
with a piston 6,' packed in the same manner, c is a projection of 
metal extending from the circumference to the axle a. Packing is 
introduced between this projection and the axle, so as to prevent the 
steam from escaping between them, e f are two valves which admit 
steam fii»n'the steam pipe g into the cylinder on each side of c 

, alternately. 9/* are two valves for changing the direction of the 
stieam : are two ^Ives acting in conjunction with e fy so as to open 
or shut off a communication with the condensers / k through the pipe 
h at the proper time. Levers arc attached to the rods by whiijh 
these valves are worked, from tappets on the pump rods r q. 

• . Steam, as admitted from the boiler through the pipe ^ into the 
Steam chest, and finding the valve / open, rushes up the pipe, and 
sq teto the cflinder .between the pistiott and stop c, The piston^ 
iec»ai^.from the pressnre^ drives the air in the cylinder through the 
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other pipe, and down through the valve j, into the condenser, whence 
it escapes by the pump /. It continues revolving until it comes in 
contact with the other side of when it is stopped but previous to 
this the valves / and j have been shut by their respective levers, 
whilst c and i have been opened. The steam has now access through 
€ to the other side of the piston, and turns it in the contrary 
direction} the steam which last! performed its office escaping down 
through i to the condenser. The first operation is then repeated, 
reversing the motion of the piston as soon as, or before it comes in 
contact with the other side of <?. n m are two toothed wheels attached 
to the axle a, which work (as shewn) by racks, the pump rods o p, 
and the smdller pomp rods 7 r. The former 0 ;i, are supposed to 
draVv. wdter from a mine, but the smaller ones only work the condensing 
puinps k I. 

This is, really, a clever machine. It was never, we understand, 
carried into execution, but why, we can scarcely tell. It would , 
hardly be an objection that the piston would strike against the stop c 
and thereby shake itself to pieces : for here, as an cqnabie motion is 
not required like a rotatory engine, the speed might (as in all pumping 
engines' which were liable to the same objection) be gradually re- 
tarded, so that the impetus woirfd be destroyed before it came in 
contact with the stop. Perhaps the most solid objection would be 
that of thy^ packing requiring more care than a common workman, 
such as generally attends to steam engines, would be able or willing 
to bestow J but if this were found a conquerable objection, wc can 
iscarcely conceive a reason why it should not have had a fair trial. It 
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wodd iMnw biM extremely portable and cheap, wmild bave^ 
very 1i||la rooa» aid tbe frictioii wodd bihw been 
Iriflioff. 

We now close our descriptions of Mr. Watt's inventions, by 
giving a short aoooant of a Rotatory Engine^ included io bis patent 
of 1784. 




F^, 1 ia a grcrand plan, and 9 n sedion. « • ia an external 
cylmder, or leaenrmr, filled with heated water, qvicksilver, or an 
amal^m (which would become fluid at the boiling point). 6 6 In 9a 
interior cylinder in the middle of a a, and turning upon a pivot o. A 
partition e, reaches from top to bottom, dividing the vessel into two 
equal parts, d e arc two valves, allowing the liquid to ascend and fill 
the interior of 6 b, but preventing its egress in that direction, f g are 
two tubes, or apertures, for guiding the escupe of the lit^uid in the 
^mtioii of tbe arrow. ^* is tbe pipe for tbe ndnisrioB, and k §ar 
tbe exit, of the iteaai. Tbe ateaa being introdneed fimn tbe 
bdler through^ enters tbe cavity /, and passes on the snr&ce of the 
water, driving open tbe valve i, CfigA) and issuing through g, in 
the direction of the arrow, thns pressing upon the body of the liquid 
in the reservoir, and producing a re-action, which drives tbe 
jntemal vessel round. When it has performed nearly half a revolution 
the cavity n comes under the steam passa^. This will be understood 
belter byfy^. 3 : p is a boop encirchag tbe upper part, or necfc, 
«f.t3w vessel bbi /is a boleui tbe side of tbe veiaei eommunicatiiig 
witb one^e of tlie venel, and n a similar hole communicatittg witb 
tiie oiber. It will be seen that, at present, tbe hole / communicates 
^ritb^f and tbe bole m witb M, but, by tsnung tbe vessel balf way 
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round, their situations will be reversed ; / commanicating with A, 
and j with n, so that each side is successively exposed to the action 
of the steam^ and to the condenser. By this means, therefore, the hole 
n is next in communication with the steam pipe^', and the valve d being 
shut by the steam pressing on the surface of the liquid ; the valve t 
is opened by the same means, so tiiat the liquid is forced with violence 
through fy in the same manner as it was previously forced through 
g. Whilst this operation is going on, a vacuum is formed in the 
first vessel (by / communicating with the condenser) so that it 
becomes charged and ready in its turn to receive the action of the 
steam. When it does, thehrst operation is repeated, and a rotatory 
motion is kept up by the alternate action of the liquid driving through 
the cavities fg in nearly the same manner as the motion is produced 
in the well-known machine commonly called Barker's Mill, differing 
only thus : — ihii the water from the latter acts against the air, whilst 
this acts upon the fluid in which this is immersed. The motion is 
carried tjhrough the top of the reservoir a to a stuffing box q (not 
shown), and attached to the machinery. 

It appears this machine was tried, and found to have little or no 
power 5 which, of course, was the reason of its abandonment. The 
cause of its trifling effect arises from the force of the escaping liquid 
acting upon a medium, which affords no solid resistance, and is, 
therefore, incapable of producing any powerful re-action in the 
machine. 

We close our detail of the inventions of this truly great mao, 
by remarking, that there have been few men who have contributed so 
much to the promotion of commerce and manufacture ; yet, whilst 
we admit him to have been capable of producing the most wonderful 
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effect of the mind, there are some of the inventions which have come 
under our notice that many of the obscurest mechanicians would 
binsh to own. He has been compared to a walking encyclopaedia, 
and the comparison is truly apropos, when we consider thatan ency- 
dopsdia is uie memAr cf ttte mo^t MrthleM, as ivell as the oMSt 
vamd, knowledge. Judging by M'^bflects wfrieb his lOTentioDS have 
had npoosociety^ Wecannot hesitate a momentas todetermining that he 
is deserving of great praise; bat judging by those inventions which he 
put on record in his many patents^ we feel astonished that thesame mind 
should be capable of producing ideas of the most useful and the most 
worthless kind. Incapableof discriminating^ he seems to have no sooner 
formed an idea than he has made it the snbject of a patent, so that 
we loond atmost three o«t of ftNur of the scbSm^ ^lich are indsded 
in his spedfications bave never heen ddnid tslft^ilibcntion. 

We have ataidy eiprossed our opinion respecting Mr. Watt's 
eager desire to seci^ to himself the benefits of apv idea tliat entered 
his mind, even in the most unsubstantial form. In this opinion we 
are not solitary, in proof of which, we make the following extracts 
from a letter addressed to Sir J. Eyre, then Lord Qiief Justice of the 
Common Pleas, by Mr. J. Bramah, dated 1797* 

Sneaking of Mr. Watt's first spedftcntion, on whidi we have' 
alreaoy remarked, he says« ** In condderlng the part arranged y?r4f^ 
ilk this specification, I cannot oMrve the words there used create ift 
the mind of the reader any new idea respecting the constrnction, 
proportion, or office, of that part of an engine properly called the 
steam cylinder. The enquirer is left wholly uninformed, whether 
the intended cylinder, or steam vessel, is to be left open at top, and 
shut at bottom, or shut at top, and open at bottom, or whether both 
its ends are to be alike shut; nor is be directed in what maftner Ihe 
steam istol>eaAnifted!nto theqrfin^^» orlnwhstmannerdiacharged: 
tiiere beio^ no mentioti how, and in what part of the cylinder, th^ 
necessary inlets and outlets are to be contrived, notwithstantitng the 
essence of every engine depends thereon. There is likewise no 
mention made of the form and action of the piston, or the method of 
connecting it with the external and working parts of the machine, or 
whether the expansive force of the steam is exerted on the upper or 
bnde^ side of the said piston j or even $rhetii^ there is a piston 
employed at all.-' . . . . • i - - • / ' t 

' This part of the speci(icatii)ta appears (calculated to mislead and 
perplex ; and I am fully persuaded, were these imperfect directions 
given to any workman, even of the most eminent knowledge in the 
art of building engines, they would tend directly to frustrate cver^ 
regular step necessary to be taken in the progress of such a work, * 
' " Had there been a shadow of a guide introduced iqto this mys«^ 
teridos composition^ an ingenions mind nl%rht have acoddedtally 
stumbled on the inventor's msrk but it is so mncfa the tmitmrf, 
that every adventurer is constrdbSd, to explore a \Vay for hiriiself, 
and to wrap his cylinder in irhySVarm covering his powers dfjndgmeht 
may suggest : and it is my firm opinion, that were enginn builders 
iir general left to puzzle out't&is single drcumstance, ninety -nine 
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out of every huadred would atteiupt a different method of accom- 
plishing the inventor's intentioii |. and I am likemso as fully convinced^ 
tint A lik^ proportioa wiMdd . finally miif thdr aita^. in i|klle 9i 
repeated efforts.'* 

The first thing which attracted my attention when iuspecting 
an en^ne built by Mr. Watt, was the steam cylinder, which I observed 
shut at both euds, contrary to that of Newcomeu, which is always 
open at the upper eud^ whereby llie atmosphere acts upon the. tapper 
surface of the piston^ both. in its ascent and descent." ' ' . 

A alight pause <m this pixcnnistaiioe aoon presented to: my view 
» tcial oootiaoiclaoa tio tlM Article in Mr.. Watt's 8pecifiG>itioB«%.dflH- 
aomiDated fiiitftkly, where he asserts that ' he iateads ia numy caa^ 
* to employ the expansive force of steam io press on the pistons, or 
' whatever may be used instead of tficm, in the fiaine manner as the 
' pret9ure of the atmosphere h now employed in co7nmo7i Jirc engines ' '* 

'* On reading this paragraph, every person acquainted with 
Ncvvcumen will naturally ask^ — Huw can llie expansive force of steam 
be applied td press down t1ie.pistQii ia thft manaer.it ia nov performed 
by the atmosphere* wbick reqaires the top of the c^Undef to lie Inpt 
open ? For, suppose steam to be poured on to the top of it instead 
of air, iwhere is there any footing ))r abntment for the re«acli6u of 
this expansive element ? I clearly perceive^ says the enquirer, that 
the air performs tliis olTice by its gravitating power, which requires 
no hutment. But how can any expansive force be employed without 
it since it is a law of nature that no force of this kind can be exerted 
witboat being first prevented from expaading on tbe ciOAtrary; or at 
any 'satOy witbont Imving a resistanoa la all Erections* aqaai at leaal 
to the force of action reooiBed ? - 

" These reflections, l conceive, wonld induce a condusion> that 
the man w!to propoj^ed sBob a thiiy mast be either a lool or anad* 
man* But to return — 

*' On considering the strange difference I saw in this machine 
from thai of Newcomen, I concluded in my own mind the following 
lo be Ibe'xeal invention of Mr. Wait ia tha cylinder part of the 
eogtne. First,— He 1ms eompletely inverted tba order of NeweolaeB, 
liy toriiing the cylinder upside doini« ' 8eG0ndly»-^By making the 
proper inlets and outlets for the steam, at the upper instead of' tbe 
lower end of the cylinder. Thirdly^ — The valves used in these in- 
lets and outlets^ for the purpose of adiaitting and shotting off the 
steam, and for retaining it in the cylinder and disclurgincf It; the 
manner of giving motion to them from without, are very peeoUarly 
and curiously contrived, and totally different from any arikacW ever 
appUed'ia'Nevooinen'a Agones lor the same purposes 3 aad-tbeea 
vaivas^ &c.. lobaerv^ara otade always of brass« orja.nwxtaua of 
copper and brassy and I canaot see el. what other ntatal . sach very 
essential parts could be made; as iron would soon riist^ and in a few 
weeks lose the perfection requisite to keep theu> air and steam tight. 
Fourthly, — I cast my eye on a single part of tlic engine;, and wluch 
part not being properly accomplished, would render finally aborti^ 
all the efforts it is possible td make in giving motion and power to 
the maddoe." 
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*' Tikis, my lord, is the laeau adopted for gimg mottoa to tba 
«Xtmal aiadiMiiiiB of tbe engine^ by connecting it with the piston, 
friiidi it bere clote «lmt vp in tbe intemnl put of the cylinder; and 
08 I hxft alreody observ cd, the cylinder is placed with its bottom 
upwards, compared with Newcomen's, this connection between the 
internal and external motion mmt of necessity he commnnicated 
throngh the bottom, which now becomes the top of the cylinder. As 
tbe entire effect of the engfine depends on ascertainiDg a method of 
doLog this completely, and seeming to form a most material part of 
tile whole hiTentioB^ I will be more particnbir in describing it to 
yoor lordtUp, end begin by etating iiow this wan performed by 
Newcomen. 

'* In all Newcomen's engines, where the top of the cylinder was 
entirely open, the piston was connected with the working beam by a 
single or doable iron chain; in most rases double at the upper end 
next the beam, and tlie lower end commonly formed a jimction with 
the piston by an intermediate strong bar of iron, in some cases a 
etrong rod of wood shod with Iron. By diia menna die Ibnse the 
piston reedved from the pressnre of the atmosphere was commnni- 
cated to the beam above, and that in at rough a manner as the 
workmen pleased to make it; the smoothness and tmth of work- 
manship l^ing unnecessary in this case. 

^* Bnt, only behold, my lord« the difference required in Watt's 
engines in this one particular! 

" The above two molious are to be connected by means of a rod 
or other eontrifanees, (for n diain, && wUI not answer here) which 
most not only pass throngh an aperture in the cap or top of tiie 
cylinder, steam and air-tight, bot this aperture is required to be kept 
thus dose during every stroke the engine makes. 

This cannot fail of striking your lordship in n serious point of 
view; and, from what has been said^ it must involve a conclusion in 
your mind, that this part is one grand essential, if not the most so, 
of an^ in the machine; as the smallest imperfectioji here will admit 
the air when tlie wnnm is made, and thereby completely, stop the 
en^oe. 

" Having thus prepared yoor lordship, I will now describe that 
which Mr. Watt should have done, t. e. the manner in which the 
internal piston is connected with the working beam without. 

" Tills is by an iron rod of a sufficient diameter, turned and 
otherwise worked so as to be peifectly sinootli and parallel from one 
end to the other, and of a length sulhcieat to allow the fuU stroke of 
the piston within ; and I think it necessary to remark, that If in this 
rod there shoild be the smaHest rag or flaw, it is totally nnfit for ita 
pnrposo; lor reasons that will appear hereafter. And lam certain* 
m)m my own Imowiedge, that Mr. Watt in his first ontset on this 
business, found more difficnlty in procuring these rods in all respects 
perfect^ than he would have done in constructing all the parts of 
Newcomen's engine; although this article, like tbe rest, is not men- 
tioned in his specification. 

'''Fifthly,— I shall proceed to explain to yonr lordship n dram" 
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??tanre in this part of the eiigiije, in my opinion, as materia! and of 
equal consequence with the precedine^, or any other article in the 
machine. 1 hi:i is the method of reuderiug the aperture, through 
whicli the piston rod puseSt coii«tiuitiy Air steam tight 3 not- 
witbstsoding the said rod in many engines slides through this aper- 
ture no less than three hnndied and twenty feet per minnte deriiig 
Ae time they work. 

'* This jnnction or apcrtui 0 is a very in^nious contrivance, and 
is called a stui&ng box ; it is a part formed in the centre of the cap or 
top oi the cylinder j and is a kind of cylindrical box, of about six or 
eight inches deep, made of iron. The upper part of this box is con- 
siderably wider tluin the diameter of the piston r6d above-mentioned, 
and the bottom or lower part next the inside of the oyliader is made 
exactly to fit the said rod. From this part, for a small distance 
upwards, the box is turned in a conical form, so as to in ike a cluimlier 
exactly in the shape of a snufl' iduU ; at the top of ihis conical part 
is turned a rebate or seat, into w liich is htted a brass or iron ring, 
the extreme circle of whieb exactly fits the cylindrical p«:t above^ 
the conical part described. This conical chamber Is then iilled with' 
hemporjonk, so as to surround the piston rod on all sides; and 
being secured dou n l)y the brass or iron rinfr above-mentioned, canscs' 
the rod to slide steam and air-tight. But the quantity of rub wliicii 
is constantly on this part, and the nice perfection required, soon 
discovered the want of aomc farther help; aud something similar 
to the means juHt treated on for keeping the piston tight, suggested 
itself at an early period of Mr, W^att s experiments^ which isedecte:! 
as follows. — 

^' In the cylindrical part of tlie box is turned another rebhtc, 
ahout an inch more or less above the rinii;^ which secures the lower 
packing ; and into this rebate is also httcd a ring as before, u hich 
causes a space between it and the lower ring. Then above the upper 
ring ib turned another cylindrical part like the former, having, of - 
necessity, a greater diameter. This conical chamber - is likewise' 
pncked with heinp, jook, &c. and this packing also &stetied dowo b^- 
raeans of a ring, rather more iu a plug form, and so contrived as to' 
admit of being screwed dowu at pleasure, for the purpose of com-- 
pressing the packiiif; as wo in away by the friction of the rod. The 
Stuffing boK completed, a small tui>e is inserted by one of its ends at 
tiie side of the said box, so as to communicate with the open space 
comprehended between the nnm. The contrary end of this tube isf 
joined to the steam pipe or boiler, where the steam is always active; 
and by this means a constant supply of steam is thrown into the space- 
aforesaid, which steam Reserves the rod air-tight; being kept as 
strong or stronger than the pressure of the outward air. Thus the 
steam here does the o6ice of water, &c. on the piston of the engine 
when the packing becomes rather insufficient. 

I think, my lord* I need not say more on this point, to prove* 
the necessity of a full and dear spedfication; and the practicability 
of giving one had there been a willing mind. 

i' Sixthly-«»I obserfe the lower end of the steam cyiiud^ to be - 

o 
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also closed;. and that the steam has alternate communication with 
the cylinder above and beloiv the pibton^ jnat contrary to that, of 
Newcoaen. 

** To detail tbe trae nfttm of all thif wotdd be tiresome lo yoor 
lordship; and as Mr. Watt has not doae It, I ehall decUne doing k 

for him ; though certainly well able. 

** Seventhly — 1 come to what is called condensers. On this part 
of the sobject I ara almost puzzled what to say. From the specifi- 
cation lean say nothing , from the engines, they have been made 
in all forms; and that^ by changing about and mixing the kaoivledge 
of every persoii in his way for twenty years at least, Mr, Walt us 
been taoght wbat is tbe rod iact> and wbat tbey coalsssed to be so 
en the late trial, namely, that no condensers are necessary bnt tha^ 
which Newcomen calls the edaction pipe, and in which the conden^ 
sation is performed by a jet of cold water, answers the same jmrpose 
equally well. 

" Then it appears, my lord, that twenty years exercise of l^he 
superior abiliticb of Mr. Watt, with lite help of aii he could gala fii'om 
the knowledge and practice of other men, and the assistant be 
feceived tbroogh the space of six years mere from Professor Robinson, 

Dr. Roebad^, Mr. Oommiogs, and, no doobt» many others, eminent 
in the, theory and practice of the arts, was only to prove what I said 
before they acknowledged it, that all condensers do more harm thau 
good; and that when men of better iudgemeut have constructed 
engines totally without condensers, as ^ood or better tliau their own, 
they have just candour enough to admit the fact, and pride and 
ararioe enough to claim them as their invention. 

There is, as yonr lordship has been abundantly tnlormed, a 
Yalve placed in the passage allotted to conduct the steam, water, &e. 
from the cylinder to the condenser, which alternately opens and shuts 
this communication. I have to remark that, when the steam regu- 
lator, as in Newcomen's engine, opens to the cylinder, and at the 
same time causes tbe first jet of steam to discltarge the water and air 
as above described this valve in Mr. Watt's engine is then open to 
the condenser; and was there nothing else, the steam would, as well 
as act on the piston, fly to the condenser, and being there destroyed 
at that end, if I may so say, would not move the piston at all, it was, 
therefore, necessary for Mr. Watt to introduce another valve, which 
he has done. But certain reasons, best known to himself, which the 
writer of this will not pretend to suggest, induced him to omit givinjyj 
your lordship and the court an account of it, though, as I have already 
noted, on the other valve his counsel were very profuse. 

" This cunning valve, my lord, is lilce the injection water smuggM 
into another part of "^e engine, and serves, as in the preceding ease, 
to open end shot a communication. It happens, however, not to be 
the communication between the cylinder and the condenser, but, what 
is of much greater consequence, it opens and shuts the passage 
bet\\ een the boiler and the condenser. I have materially to remark 
to your lordship respecting this valve, that it must be and is always, 
shut during the time the i^team r^^lator is opeu. How^ then, is it 
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fOfilble* my lordf that this; condenser can be cleansed as in 
comen's, provMec! even the former objections did not exist? Thus, 
liaving aimed at much perspicuity as possible, i hope, and am 
even confident, your lordship, although no engineer, will perfectly 
understand what I have advanced; and be convinced of the necessity 
and practicability of giving a foil and explicit description of this point 
alio. 1 shall bow praoaed as proposed, with iove dfltaU on the nature^ 
proportion, and sitoatioa of Mr. Wood's very ingenious and valu- 
able application of a pomp or pumps for the extraction of the water 
and uncondensed vapour ; which would otherwise murh impede the 
working of the engine, as Mr. W attj for a wooder, has had the can* 
(lour to declare in his specification. 

** I will here intreat your lordship's patience while I make a 
solemn protestation. I declare, and I challenge every scientific maa 
to ^fieprove it« that all the improvements which have yet fallen witUn 
my emeryation on Steam Engines, do wholly depend on the impli- 
cation of Mr, Wood's inventtoOj vis. a pnmp ; or, I will at leaH say, 
in a proportion of fifty to one compared with the other additions 
made by Mr. Watt, with all his retinue of doctors, prpfeASOCS, phi* 
hisophers, mathematicians, and mechanics. 

" Now for this punip, the ingenious invention of Mr. Wood. I 
repeat his name, as your lordship, having beard less about this pnmp 
on the pneseat than on former occasiotts, might be at a loss to jndge 
the cause of this declension, and on ^is account I shall be more 
plain 00 the sobjecl. Much pains were taken on this trial to convince 
the court that proportion, lateral and altitudal situation, did not at 
all or not essentiadly signify; I will therefore confine what I have to 
say more directly to these points ; with a small digression only to 
considor, as iu the case of Mr. Gitty, some remarks from the eminent 
and iogmions Mr. Cnmmini^s, respecting this important artide. 

My experionoe* my lord, obliges me to allow, that when a pomp 
Is intiodoeed> or added to one of Newcomen's engines where there 
is no condenser, a trifling latitude in the size, over and above the real 
maximum, is of little moment, and may be ex'ercised without much 
detriment to the engine; but I find the closer we adhere to the smallest 
that is sufficient, Uie less the poller of the engine is impeded by 
giving it motioLu 

As the.actnal proportion the pnmp ought to have been to the 
cylinder most be the remdl of duly considering the engine both in n 
per&et and less perfect air-tight state, I will leave every engiQeor to 
study for himself as Mr. Watt has done; and hasten to |^ve my 
reuons why pumps, constnicted without regard to proportions, &c. 
IMAbove mentioned, will not answer in engines made with condensers. 

" Suppose, my lord, I constructed an engine on the plan of Mr. 
Watt, with a ileam cylinder exi^tly equal to one of Newcomen, to 
which I have aoaexed a pump of proper tt20> I should he very 
aatnrally led to milm this sooopd mt mm the smu^ patrems; es- 
mvionce bavimg ikamn me the |iro|iriety of its dimensions, and to 
sivo also the expense of new patterns, tools,. &c. This done, I ooifo 
to detwmme the si»e of my condenser. II I amain Joss i» this I go 
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to Mr. Watt*8 tpedftcation; there I find not ji word to fadplne. t 
ttien post off» plerliaps^ from Manchester to CSorawalU to see s con- 
denser; when I come there I trnverse the whole connty in the chs^ 
racter of a spy, and none will even permit me to enter their works, 

(and should 1 intrude withont a licence, 1 shotild soon get myself 
expelled,) much less stop the cnc^ne and disorganise the whole, to 
give me the knowledge I am seeking. Mv own reason, by this time 
more awake, makes this iufereoce : that, provided I did succeed in 
meeting with n person friendly enough to anflhr my tem&Dj, I nnist 
of course pay the loss accming from endi an enterpriee^— and, for an 
idea of this, I will refer yoar lordsliip to the observations abready 
made on stopping engines. Jast as wise, therefore, as when I started, 
I post back to Manchester, resolved to make a condenser of some 
sort. I begin by reflecting, not on the thing, for I know not what 
it is, but on its reputation ; and if I chanc^ to recollect the high 
encomiums it received in the Courts of Westminster and Iiondon, I 
ahooki be led to oondnde, that was my engine lAl condenser, I oonld 
not fiiil of being on the right side of the qiiet^. Thus I determinn 
my condenser shall be (what I Imto teen some made by Mr. Watt, at 
the Soho, Birmingham,) as large, or considerably larger than the steam 
cylinder of tlie engine for which it is intended. This would be at 
least twelve or twenty times the dimensions of my pump, but say 
twelve times for the sake of dataj and suppose the engine completed 
and read^ for action : the consequence of this I will endeavoor' to*- 
make plain to yonr lordship. • When the en^ne has been emptied of 
her air, and auo * the condEenser, by what Mr. Watt's engineers caU 
blowing through, the steam valye is opened and tlie fnston mainf n 
stroke j then the discharge is made from the cylinder to the con- ' 
denser by opening another valve. Now, let it be supposed that the 
imcondensible air or vapour which then fills the condenser, and is to 
be drawn out by a pump unequal in expansive force to one*twelflU 
part (and it is seldom less) of the steam's pressure on the pilton. • 
The 'air pump, which I have dready said is only one-twelfth pmt of 
the contents of this condenser, makes one atroke also; bnt liy this the 
■ expansive force of the vapour can only be reduced one*twelfth pdlt» 
for it must take twelve strokes of this pump to reduce tlie vapour in 
the condenser to its least densityj and, consequently, there will 
remain a resistance to the second stroke equal to \{ of the force of 
the vapour mentioned ; and to the next stroke fl and ever)' cootinued 
stroke in this proportion so that in about thirteen strohaa this sir 
andvaponr woold inevitably become- as atrong in thecondenwrvft 
the steam i and, by thus restoring the eqnilihrtem^ of necessity <stQp 
the engine, although she had notmng bnt her own materialg locarryt 
and those void of friction." 

Making due allowance for the prejudiced feeling with which these 
• remarks of Bramah's were written, arising from the succ^sfnl rivalry 
of Watt) our readers will find moch interesting information contained 
in them. It shows clearly the insufficiency and obscurity "of^ the 
spedlieatioii in qneition. 

Yet Mr/Watt'Was a tmly wondcrftfltnan. ' His ideas weregreat« 
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and many of his discoveries were successful beyond all previous con- 
jecture. He hm done more for art and commerce than any single 
individual ever known : but, whilst we admit all this, we must also 
say few men would have put their names to many of the inventions 
which appear under bis. All men have, times, made discoveries, 
which they imagine to be etcellent^ but wUch prove oihenHse : but few 
Jiavepntvipoii leoord so nMcy absurd andimpncticable scbesses. What 
are we to say to his many rotative engines ; to his six contrivances 
for re£T'ulating' the motion of his engines; to Ins method of working 
engines by the alternate expansion and contraction of the steam ? 
That they were most of them impracticable, and some of them the 
most contemptible schemes that ever entered the brain of a projector. 
'His mind seems to have been capable of any thing ; but be was too 
inactive both in body and mind to set about saitisfying himself of the 
true value of his mventlons. Many years elapsed before he submitted 
•bis great scheme to thet^t of experiment; and, when the means 
were afforded, three years passed over before the experiment was 
completed. Long intervals elapsed between his visits to Soho, even 
when many of liis most important experiments were in progress. We 
cannot think with Pia^fair that " he never went either before or 

beyond the direct inlnreDoe which could be drawn from an caq^mnt i 
' or that so great was Ids saandtyj that few bearings of that experisNDt ' 
were omitted or overlooked." We liave shown on the contrary that 
' not one half of his schemes answeredy and that he^ like all meDy wan 
•liable to misooiicef»tion and error. 
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CHAPTER IV. 

CONTBNTt.-^omNBLOWn's ENGINE. — BimOESs' ROTATIVE PROM TIBRATORT 
MOTION. — COOKe'b EHOIWE. — BRAMAH AND DICKINBOn's ENGINE. — SADLER^S 
ENGINE.— CARTWRIOBT's ENGINE. — nORNBI.OWER*B ROTATORT ENGINE.— 
MURRAY^S BOILER, &C. — MURDOCk'b ROTATIVE ENGINE. — CLOWTHEr's 
CRANK MOTION. — CARTWRIGHT'S PORTABLE ENGINE. — MCRRAT'i AIR PDMP 
AND TALTBS. — BRAMAH's TALVB. 

From a wish to keep our description of Mr. Watt's discoveries 
as connected as we could, we have, until now, passed over the in- 
vention of Mr. Jonathan Hornblower, of Penrhyn, Cornwall, for 
which a patent was taken out in 1781. A full and detailed 
description is to be found in the first edition of Gregory's Mechanics. 
The following is a copy of his specification . — 

" First, — I use two steam vessels in which the steam is to act, 
and which in other steam engines are called cylinders. Secondly, — 
I employ the steam after it has acted in the first vessel to operate a 
second time in the other, by permitting it to expand itself, which I do 
by connecting the vessels together and forming proper channels and 
.apertures, whereby the steam shall, occasionally, go in and out of the 
said vessels. Thirdly, — I condense the steam by causing it to pass in 
contact with metallic substances, while water is applied to the 
opposite side. Fourthly, — to discharge the engine of the water 
employed to condense the steam, I suspend a column of water in a 
tube or vessel constructed for that purpose, on the principles of the 
barometer, the upper end having open communication with the steam 
vessels, and the lower end being immersed in a vessel of water. 
Fifthly, — to discharge the air which enters the steam vessels with 
the condensing water or otherwise, I introduce it into a separate 
vessel, whence it is protruded by the admission of steam. Sixthly, — 
that the condensed vapour shall not remain in the steam vessel in 
which the steam is condensed, I collect it into another vessel, which 
has open communication with the steam vessels, and the water in the 
mine, reservoir, or river. Lastly, — in cases where the atmosphere 
is to be employed to act on the piston, I use a piston so constructed 
as to admit steam round its periphery, and in contact with the sides 
of the steam vessel, thereby to prevent the external air from passing 
in between the piston and the sides of the steam vessel." 

This patent, like Watt's, conveys no idea of either form or 
dimensions ; and we must therefore have recourse to other sources 
for more particulars respecting it. We have already said that an 
enlarged detail is to be found in the first edition of Gregory's 
Mechanics 5 but we content ourselves with a shorter one. The first 
and enlarged account written by Mr. Hornblower, was afterwards 
omitted by Dr. Gregory, who, in a subsequent edition, makes the fol- 
lowing remarks thereon. — ** As i hare been exposed to much calumny 
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•nd misrepresentation for admitting that historic sketch into my work, 
I beg to remark that I did it soiei^ from motives of beneyolence. 
Till the time my second volume was preparing for the press, 1 knew 
DOthiog of Mr. HorQbiower} but a friend of mice, on whose judge'^' 
nmi 1 placed great rdiance^ who was wtXL aoqiiaiBt«d witt Mr. a, 
and tbomt bigUy of his aonl chanctw* as well as of Us noehaaicB} 
akiU, had a fall pertoaaion that, through a Mriea of anfortimate cir- 
CDmstances, he had never had justice done him, and urged me to allow 
Mr. Hornblower to tell hi3 own story. I yielded to his solicitations, 
and in consequence exposed myself to the malevolence of cert^iin 
writers, who, iu one short note of ten lines, ^ published Jvur positive, 
wilfiil fa]tehooda> for the hoaoarabte porposo of iajoriDg my repu- 
tatioD. I, however, forgive Uiem, although they treated me aojostly ; 
and trust they will, ere now, hare forgiven me for permittiog an 
injured (though perhaps hasty) man, to defend bis own cause and 
that of his family. He is now beyond the reach of those who wished 
to promote his welfare, as well as those who, by unfairly depreciating 
bis character, involved him in ruin. His latter years were rendered 
eorafortaUej not by the liberality of his coontrymeo, bat by opolent 
and sdendfic Smede, who knew how to appredate and to reward his 
merit as an engineer. **t 

'* The principle of Hornblower's engine consisted in obtaining 
more power by a complicated force of steam than conld be acquired by 
its ?>iQii)le action in the common mode. This is effected by the use of 
tw o cylinders of different capacities . And Mr. H, after inquiring into 
the ewect of asing steam aocordiog to each of these modes^. compares 
the resolts together as foUows. * If we obtain the aceamnlated pres* 
' slire by taking a mean of the extremes, we shall find Mr. Watt's 
' application to be 'i^^' — OQ, leaving 1'2 lbs. at the termination of 

* the stroke. The application of the princij)lc in the present instance, 
' by takint!^ the mean of the two extremes, w ill be — 21, leaving 
' 18 at the termination of the stroke; which, in point of advantage, 
« in favor of the doable cylinder^ is as 3 to 9 ; a poiat of no small 
' magnitode in the practical application of this prmciple, and which 
« seems to have beM overlooked by dl those who have taken ap the 

* subject.' 

The ac( oinpanying figore will explain the principle of this 
engine, which is gis en without the parts in connection, those being, 
in common with Watt's engine^ already given.— a 6 are the two 
cjdisden $ o being theanaUcr one, which luis apbton s fitted to the 
interior ; this cylmder b in eoounanioalioa with tiie boiler by the 
pipe o. Odier pipes and cocks, xy, are attached to each cylinder, 
and open a communication with both sides of their pistons, e is a 
pipe with a stop cock, wiiidi opens a commonication between the 



* Edin. Review, vol. xUL p. SS7. 
' t We need aearaelvreaMfchm on what most appear evident to flfl^ 

that, by this short explanation, the Doctors conduct iu t)U> affair rises by his 
benevolence and generosity of heart far above the malevoi«nt attacks of 
interested writers ; whilst it excites in the breasts of every reader the deep^t 
esandicfation ftr Jihe i^|aris$ df the neglected Hornlilower* 
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bottom of the cylinder a, and the top of the large cylinder b. fhs 
pipe and cock leading to the condenser g, its pump h, placed, as - 
usual, in cold water ; these are the same as those used in Mr. Watt's 
engines. Steam comes from the boiler to the pipe c; and its flovr 
may be prevented by the cock k to allow the passage of steam from 
the boiler, and the cocks at ejry, to be all open, which will allow 
the steam to hll both cylinders. The cocks at ;r and y mast now be . 
closed, e and /i remaining open. 




By turning cock / a communication is opened between the ander 
side of the piston v, and the condenser which forms a vacuum in 6. 
The steam pressing on the upper side of z in a, and the communi- 
cation between the cylinder a under its piston z being open, the 
steam in a, from its expansive power, will press v downwards in 6. 
This decreases the resistance in the under side of the piston a, which 
is also carried downwards by the pressure of the steam flowing 
through k from the boiler; and the two pistons descend at the same 
time, carrying the beam along with them. When they reach the 
bottom of the cylinders, the cock/ shuts off the communication with 
the condenser, and the cock e with the top and bottom of the two> 
cylinders. The cocks in y and Jt are now opened, which allows the 
steam in each a free communication between the upper and under.. 
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hides of these pistons, or betwcea that of the last cylinder and con- 
denser; and the counterpoise at the other end of Jhe lever beam 
mete the pistons loathe top of their respective cylinders^ or the pipe, 
jf may form a Gommanication with the piston and. the condenser, 
jf jmd sf are uow sl^a^ and e / and i are now opened, and the 
operation is repeated. 

A draiving and descriptioD of a rotative engine, by Mr. Cooke, 
are to be footid in the Transactions of the Royal Irish Academy, 
17A7. We sabjoiD a description thereof. 




On the circumference of a wheel eight vanes or flaps are attached 
by joints, wliich are formed to open somewhat more than half of their 
circumference. During the revolution of the wheel the Talves* 
wfn^ are on the lotver half of its circumference/ hang .in a vertical 

' dttvkidn by their own gravity, cee are the valves o^'ilaps; d ie 
tfiififCnbe which admits steam from the boiler; a a tube leading to thf 
condenser. kA/ is the case in which the wheel hh is enclosed aii 

* high as the dotted line : this case is to be steam-tight. The wheel 
being supposed in the situation in the figure, the valves prevent any 
communication between the boiler and cou^^enscr. Steam is now 
n^haltted at voA, presslug on cc, forces *'(fhe{n forward in its 
passage to the condmiser and prodnpes . movenient. ^ The. condenssi;, 
IS worked by a crank in the aiis, and a rod d is exipnded fr9n.ll. 
which keeps a constant vacuum in that haU of the steam eMO :*^^. 
" by this means a power is added to the steam eqoal to the' weig|||^ 
of the atmosphere ; so that, when the force of the steam is only 
eqnal to the pressure of the atmosphere, and the valves are six inches 
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Mnarej tbe wlieel will be forced roond bf apoworaqial to 631 1 Ibf « 
' {Maced 00 its circomference.** Tbe constmction of tbis machloa we 

nee^ hardly say wou^d be imprarf icab!e. Friction oat of the ques- 
tion, the iraperfection of the mechanism^ and the clauisilieas of the 
whole engine, are too apparent to need any detail. 

Mr. Thomas Burgess obtaiued a patent, io 17&9, for a method 
of prodaciog a rotary motion from tbe action of an alternate move* 
Bovl. ' Wo areindoced* liroai the probobility thai few of oor readcn 
am ooqoabtod with Ht, to give It e plaoe bere. 




Upon an axis A, to wbicb tbe rotary motion is to be commniii- 
cated, a collar C is accurately fitted so as to torn freely thereopon^ 

and so secured in its place as to prevent its sliding sideways j round 
tbe collar a chain or rope R, is to be wound j one end of the rope 
is made fast to the lever L, of a steam engine, or other alternatiog 
i^oving power, which motion may be horizontal^ Tertical, or in any 
other direction : to tbe other end of tbe rope . a weight ii 
iMtod^ which it to draw the collar C back, in the bterral between 
ew^ stroke or impulse of tbe moving power. Inside of theborrel or 
oolla^ C, is fixed a pall or catch, P, which falls by its own gravity 
into the notches of the axle A, so that, when it is acted npon by the 
moving power in one direction^ tbe axis A becomes locked to tbe 
collar, and tbe fly wheel F, is forced into a rotary motion. When 
tbe action is reversed by the alternating motion of tbe lever L, the 
eoUiff is released and runs back« the pall sliding over tbe nptcbei io , 
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Ibe axis without impediment, the origioal rotary' motion continuing 
in the fly wheel, by the impetus given it at every alternate stroke of 
the lever. 

This macbine owds no ooiiiiiieDt« U U iafinicelf inferior to llie 
crank virhich was ia nse prior to the dateof 4his pfttent s it is, not* 
withstanding, rvrg ingenious; and &lteen or twenty years sooner 
might have been considered as a convenient and nsefol method of 

obtaining the desired end. 

In the year 1790, Mr. J. Bramah, of Piccadilly, (author of the 
pamphlet addressed to Chief Justice £pe, from wiiichwebave made 
colons extracts,) and filr. Thomas Dtddoson, of Bedwortb Close, 
county of Warwick, jointly obtained a patent for three rotatim 
engines. 

Flg» 1 represents the plan of one of these engines, and Fig, % a 

section. A A and B B show the ends of two short cylinders or rings 
of different diameters, one placed in the centre of the other. C is 
the channel or circular groove, formed between the two circles. The 
ends of the cylinder or ring B B, are shut up by two flat plates 
D as shown in the section} to these plates is joined an axis or 
spindle fi E, wbicb aus or spindle passes tbronph tlie ends or caps 
F F, which enclose the ends of the cylinder or ring A A, and which 
is auule air-tight by means of a stuffing box in the nsnal way. Bj 
this axis or spindle the cylinder or ring B B, may be turned ronnd 
from without, any external power being applied for that purpose; 
or this axis or spindle may be applied to give motion to any other 
machine, when the cylinder B B, is turned round by any power or 
force acting from witiun. In the cylinder or ring B P, are fixed 
two sliders, G G," crossing each other at right angles in tlie centre 
where they are notched or half spliced, so lar as to allow them to 
slide backwards and forwards as mocb, at least, as the diameter of 
the channel or groove C. The length of eacli of these sliders is 
^oal to the diameter of the cylinder or ring B B, and one diameter 
of the channel or groove C, and the width is equal to the height of 
the channel or groove C-, so that the points which perforate the 
extremity of the cylinder or ring B B, when they are poshed ont into 
the channd or groove, may entirely fill the same, similar to a piston 
' wo^ng in a common cylinder | ia order thai, when the eylinder B B, 
b turn^ round, the channel or groove may be by that part of the 
slider totally swept or emptied. In this channel or groove is fixed 
the partition H. which fills the same in that part, and, by its being 
fitted against the peripliery of the wheel B B, prevents the passage 
of any duid that way round the channel, when the caps or ends are 
screwed down. On each side of the partition H, is fixed a rib 1 1, 
or piece of sncii a shape as to perfectly fit the circl<» B B, one quarter 
of its circumference, between the dotted lines 1 2 ; and the remaining 
part is continued io a shape inclining to the circle of the greater 
cylinder A A, with which it forms an easy juncture at the quartile 
points, 3 4. When the cylinders B B, with the sliders, are turned 
round in either direction, the inclined parts of the ribs 1 1, force the 
- opposite end of the sliders G G, socccssively into their channel or 
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l^oove^ where they are obliged to remain daring one qoarter of the 
revolatioD^ being kept in that position by the drcular part of the rib 
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b«tirc0B 1 and S. K M are two pipes of any reqoired dimetar^ 
which may be inserted into the ciMUinel or groove, in any direction 

the situation of the raacliine may reqnire, bet^veen the points H 3 
aod H 4. The sliders are rcDdered sufficiently tight at their junction 
with the channel, by means of oakum or any other flexible material, 
beinff forced into the cavities made for thut purpose at the parts 
L LL| and alia the partition H, in the same way. The cylinder or 
ring, B B, bemg thai armed with the sliders, and the caps or ends, 
F F> screwed on by the flenches at A A, the machine is complete and 
ready for action. Now, supposing that throogh the pipe K a shaft 
of water, steam, or any other flnid, from anv ronsideraf)le height is 
admitted into the channel or groove C, it would im mediately force 
against the slider projected in the channel as at N , imd also against 
the fixed partition H 3 which partition, preventing its pasi>age that 
way to toe evacnalion pipe M, where the spent water is discharged, 
the next slider in taceeaaioii has pasted or coTered the junction of 
the ascendbg pipe K, so tliat each svocesslve slider receives the 
pressnre before it is dobe acting on the former; by this means an 
nniform rotation is maintained in the cylinder B and its velocity 
will be eqoal to the descent of the water in the pipe K, and its force 
eqnal to the specific gravity of the same. Thus this machine may be 
worked by steam, condensed air, wind, or any other elastic or ^avi- 
tatin^ fluid, for the purpose of workinc mills, or any other land of 
machine or engine wnattoeTer* they being properly connected with 
tiie axis or spmdle E E y and when any power is externally applied 
to the said axis, which may tim- the machine in any direction, it 
becomes a complete pumpj possessing all the properties of every 
other sort of hydraulic engine whatsoever, by applying the pipes, K 
and M, accordingly; and it hai§ also much advantage over every 
other kind of pump, as the fluid pumped is kept in constaot motion 
1>oth in the suction and ascending pipes. This machine may be fixed 
oitiier In a lx»izontal or vertical direction. 

It will be perceived that the machine, for which Mr. Job Rider 
recently obtained a patent, resembles this in principle. Thie point 
in which Mr. Rider's differs from it, is in bis sliders being more in 
namber^ and, instead of crossing each other, are formed of shorter 
plates not reaching to the axis. The excessive friction of this ma- 
chine would be a sufficient reason for its abandonment) besides 
which the cross sliders, G G, wookl in time become so worn at tlieir 
«nds» that the ribs, 1 1, would not be nble to force them against that 
part of tlie cylinder opposite * Hie pNjection so aa to stop ^ 
paassM of the stanuL. 

l^g, I represents another plan of a rotative engine in the same 
pilent, where the sliders are stationed in the periphery of the outer 
cylinder, and the water, steam, or other floid, passes first into a 
smaller or inner cylinder, previous to its producing its effect in the 
channel or groove, as in the other example. A is the ead of a hollow 
OTialler.cyBnder, plaoai in tin -centre of theiaiger cylinder B; tiM 
■ eylindepA> iaifixidonnnM»or«pindle/Cynsin'tbeie^ I>1> ' 
is. te dyyuiel- cf groofOj fbraed bfltnmintheovtsr snrfiMe of the 
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cylinder A, and the inner enrface of the cylinder B ; to the cylinder 
A is fixed a wing or fan £, of a projection sufficient to fill and act in 
the channel D D as a piston, when A is turned round by the axis or 
spindle C, so as so sweep the contents of the channel; or, when any 
force is applied on one side of its surface, it will cause the cylinder 
A, and the axis or spindle C, to be turned round. The cylinder A 
is left open at both ends, which pass tbrongh the plates F F, into 
the caps, and is fitted water-tight in the junctions. In or about the 
Biddle of the cylinder A is a chamber or partition, which dirides the 
upper end from the lower ; H H are two sliders, stationed at opposite 
points IB the periphery of the outer cylinder where there are ceUs 
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Urit c te d M at: 1 1« t0 noAwe ihm aod allow their motion . These 
Men m moved liytlie Bmall epiddlee K K Mieiiig throogfa ttoffiiig • 

boxes in the asoal way. They are nltimateiy opened and shnt by 
half the rotation of the inner cylinder, by means of a wheel with an 
eccentric groove fixed on the axis, as L L. In this groove move two 
friction wbeeUj which being joined to the sliders by a connecting 
bar, the sUders H H are opeaed and shut, by the axis C tandng 
round, so that one of tb^ didere H H is always dose slint agunst 
the cylinder A, whilst the other is opening to let the wing or fan 
pass, which is again shot before the passive slider begins its motion. 
The machine being thus compIetCj suppose that, at a pipe O, a cnr- 
reat of water, steam, or other fluid having force, was admitted into 
the cap whilst the machine is in its present position, it would im- 
mediately fall into the upper cavity of the cylinder A, and^ pa^^sing 
throQgh the apertnre into the channel D, would press tmSauit the 
wing or lui on tiie one tide, and agtinst one of tlm sliaen H 
on the otheri wUch slider not giving way would cause the wing or 
fan E to recede> and turn round the cylinder A with its axis C; 
which axis, turning the wheel with the groove L L, would cause the 
opposite slider to begin its motion ; so that by the time the win^ or 
fan E reaches the station of tlie slider, it is totallv drawn back into 
its cell, so as to permit the wing or fan E to pass without interrup- 
tioni nnd, by the continued motion of the mnchine, the slider it 
ngpinslint, before that slider on which tbe fluid is pressing begim 
to move 5 so that, when the first slider, against which the water or 
fluid is still pressing, is opened, the pressure is then the same between 
the other slider ana the wing or fan E; and the spent fluid between 
the two sliders immediately rushes through the lower aperture into 
the bottom of the cylinder A, and is carried off in that way to the 
open air : thus a uniform rotation will be maintained as iii the former 
cxnmple. 

' Tliie' engine is reuinrkable fer ^unpUtyi nod If a nsulnllk 
|ickinff had been ut that tine bnowB, itmiffht have approximated to 
a nsafiu rotntlTtt evgiUfl. As it wis, it would be impoMible to make 

hempen packing pass over the grooves for the sliders without being 
speedily torn out j and also it would be very difficult, if not abso- 
lutely impossible, to keep the sUders H against the internal cylinder 
A, as at each stroke the sUders would rebound from it, and not being 
kept dote by the force of the steam, as in many rotative engines, 
uronld soon beoooe looeeut theiointi, undibereby beeonulDiffBetivs* 
. The following diagpfwn reywots another method by w b ie kM us iw . 
Binunab and Dickenson proposed to obtain a rotative modtsii A is s 
smaller wheel or cylinder, armed with cross sliders, fixed in a largci 
one B, but, instead of its axis being stationed in tlie centre of as 
io the previous instances, it is moved as much eccentric as to cause the 
periphery of A to rub against the side of B, as at G ; this causes the 
channel or groove D D I>, to be formed of tbe shape wbieh eppeari 
ia.tbu fi«rt. Tb»iiSMrMdiMt^^tbuwbo«lorriMA k vol per* 
f«cAr ^undripil, bo t is a cjsr ve of audi a shape as wmM be dmtantmk 
byjfftjHBtecf tb«.^«i9 f F biiiNr^«l^>««^^^'^ 
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lotion of the wheel A; or in other uords, of sach a shape as woold 
occasion all the foar points of the said sliders to be in constant 
contact therewith. The dotted lines GG show two grooves or 
cavities, through which the water, steam, or other fluid, contained 
between the point C and either of the apertures of the pipes H and I, 
passes into either of the said pipes ; which water, steam, or other 
floid, would otherwise be pinned up by the slider, and stop the motion 
of the machine when turned in either direction. 




This machine would be liable to the same objections as the first. 
On the whole these contrivances display great ingenuity, and may be 
justly considered to rank as high as any that have since been j)ro- 
posed: indeed, there are few rotative engines that have been since 
projected which do not, in principle, somewhat resemble these : 
therefore we conclude that, had the genius of the inventor or inventors 
been exercised when mechanical experience had been advanced, they 
might in ail probability have effected that which is so great a de- 
sideratum among modern engineers. 

Mr. James Sadler, of Oxford, in 1791, obtained a patent for a 
rotative engine, which the following drawing and description may 
serve to illustrate. The steam generated in the boiler is conveyed 
throogh the pipe c, into the spindle or axis of the rotative cylinder 
a b, which is made steam-tight by working in a stuffing-box. The 
steam passes along the arms of the revolving cylinder, nearly to its 
ends, where it meets a jet of cold water, introduced from the hollow 
axis by the small pipe **; this condensing water falls from the 
revolving cylinder into the bottom of the case, whence it is conveyed 
through a pipe, and is discharged by openings made in the ends or 
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sides of another cylinder moveable in a horizontal dir^tion, giving 
it a rotatory movement in the same manner as Barker's mill. The 
jet of cold water from the pipes x x, having condensed the steam, 
produces a re-action, and the cylinder a 6 acquires a rotative move- 
ment. ' Tbt Inner case is steam-tight ; and the enter ease lenrea the 
8an|»'pnrpose with the jacket ia the reciprocating engines. Another 
iBpde of action is aoggested by Mr. Sadler to be had by filUng iJie 
case (in which the arms revolve) with steam, which would cause them 
to revolve by the pressnre it would produce in beug oondeosed ia 
entering the arms. 




• tils engine k Hero** in another form, that a patent shoiiUl 
hifttf been taken out for such an ineffective toy it a proof of great 

ig^iorance and inexperience. 

The Rev. Bdwaid Cartwright's scheme, for which he obtained a 
patent in 1797, was very in«renious. His object was to procure a 
tight piston and a c<)«dcu8erj in which the steam was exposed to a 
large surface of water. 

The condensation is effected by two metal cylinders^ placed one 
within the other, aod having cold water flowin{f through the inner 
oae, ^qd'eaclofiog the, outer one. Tbos the steam is exposed to the 
giedl^t possible tqrface in a thin sheet, r.' Cartwright Ukewise 
ijim a valve in the i^8,ton« by which a constant communication is kept 
i|p .between the cynnder and condenser, on either side of the^piston, 
so that the condensation is always taking place, whether in the 
ascending or descending stroke. By this contrivance, steam that 
may escape past the piston will be immediately condensed, and the 
vacpum thereby preserved. This was considered to be t dodded 
advantage over the general mode of. arranging the valvee* which does 
not alway s provide for the restoration of a vacimm destroyed by the 
SmperfoctioB of the packing. a 
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** The piston b moviDg in the cylinder a, has its rod prolonged 
downwards ; another piston d is attached to it^ moving in the cylin- 
der Cf and which may be also considered as a prolongation of the 
steam cylinder. The steam cylinder is attached by the pipe g to the 
condenser^ placed in cold water, formed of two eccentric circular 
vessels, between which the steam is admitted in a thin sheet, and is 
condensed by coming in contact with the cold sides of the condensing 
vessel. The water of condensation falls into the pipe e. To the 
bottom of the cylinder t, a pipe m is carried into a box n, having a 
float'ball 0, which opens and shuts the valve p, coramunicatiog with 



J Google 



STBAM RKGINB. 



n 



tbe atmosphara : a pipe q is also fitted to the box. 'Thcire is a valve 
placed at i, openiog into the cylioder c ; another at it, also openiog 
upwards. The pipe # conveys "iteam from the boiler into the cylinder, 
which may be shut by the fall of the clack r. ift is a valve made in 

the piston 6. 

In the ^ure thepislond is shewn as descending by the elasticity of 
tiie Steam Bowing from the boiler through 8 ; the piston dbeing attached 
to the same rod is also desoendiiiff . When the piston b reaches the 
bottom d the cylinder a $ the tail or spindle oi the valve k being 
pressed upwards^ opens the valve, and form¥ a oommnnication 
between the upper side of the piston and the condenser; at the 
same moment the valve r is pressed into its seat by the descent of 
the cross arm on the piston, which prevents the further admission of 
steam from the boiler ; this allows the piston to be drawn up to the 
top of the cylinder, hy the momentnm of the fly-wheel z, in a noa<^ 
resisting medimn. The piston d is also drawn op to the top of e^^ 
and the valve t is raised bv the condensed water and nir wlucb Imve 
aoeomolated in e, and in the condenser g. At the moment when the 
piston has reached the top of the cylinder, the valve k is pressed into 
its place by the pin or tail striking the cylinder cover ; and at the 
same time the piston b striking the tail of the valve r, opens it ; a 
communication is again established between the boiler and piston, 
and it is lurced to the bottom as before. By the descent of the piston 
d, the water and air which were ander it io the cylinder being pre- 
vented from retoming into the condensing cyliadMsby the the mve 
nnder t, are driven up the pipe m, in the box », and are conveyed 
into the boiler again through the pipe The air rises above the 
water in a ; and, when by its accumulation its pressure is increased, 
it presses the float o downwards ; this opens the valve p, and allows 
it to escape into the atmosphere.** 

This most ingenious machine, it appears, was triedhrstat Cleve« 
land Street^ Mary-le-boone» and afterwards at Horsleydown* at 
both of which places it is said to have given great satisfiution. These 
trials most liave been much mote decisive than any opinion $ and 
' although we have not been able to ascertain farther respecting the 
success of the engines when pnt in practice, than the simple fact of 
their having been approved of by the respective proprietors, our 
own judgment warrants a conclu sion, that this plan is admirably adapted 
to be applied where a small engine is necessary. The objection against 
the mode of condensation adopted by Mr. Cartwright, was subject to 
great objection pievions to experiment i so mach so, that one of the 
greatest engineers this ooontry ever prodoced, was heard to state It 
as bis opinion, that " were a pipe to t>e lud across the Thames, the 
condensation would not be quick enough to work a steam engine with 
its full effect." It \Ta8 shewn, however , when tried, that this opinion 
w^s incorrect, as the condensation was very rapid, and the vacunm 
tolerably good. 

Not the least ingenious pai t of Mr. Cat twiight's patent was the 
mataOic piston, which has lieen of late years very generally osed. 
TboQgh this kind of piston is now somewhat diffimidy modified from 
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his, yet he is entitled to the merit of having iirst introduced it into 
use. It has been found to answer extremely well, and frequently 
works for years without requiring any other attention than ttiat of 
being kept well greased. 




Mr. Cartwright's consists of two rings of brass of the full size of 
the cylinder, which are cut into segments, as shewn at / //, and laid 
one above the other, so as to break joint. The joints, therefore, it 
the under ring are shewn by dotted lines in the figure, and being thus 
disposed the two rings are secured in their places^by a top and bottom 
plate, to which the piston rod is fixed. The segments are pushed 
against the cylinder by steel springs, shewn at n n. 





A rotative engine is also described in this specificatian j but we 
apprehend that practical difl5culties would prevent its being ever 
carried into execution. The axis D is fixed in an internal drum or 
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cylinder, to the perephery of which are attached the three pistons 
H H which entirely fill the channel formed between the interior 
and exterior cylinders j dd are two valves, or fiaps^ which when shut 
into the cavitie^i, form a portion of the exterior cylinder, but 
when cfpen (as dniwn), seire as a tefawiil lo raooive the action of 
the steam, which being intr^daced betiraen a Tilve and piston, apd 
stopped from escaping past ihem, acts open any of the pistons H, 
whidi recede from the pressare, and cause the drum and axis D to 
revolve. The flaps d relieve each other, so that one of the pistons 
id passing one at the time the other is open, and receiving the force 
of the steam. Mr, Cartwright does not describe how these pistons 
and valves are to be made, or being made, how they are to be kept 
tight. Two methods onlY afe known, namely^ hempen or mebimc 
packing ; the first would be soon destroyed by the holes in the sides 
of the eiterior cylinders* formed for a commuaication with the boiler 
and condenser, by means of the pipes E E F, and metallic psddng 
woald here require too much nicety and expense to be generally 
useful. But tlus is not all. The friction of the interior drum would 
far exceed that of the common engine, which it waa intended to 
supersede, and the flaps, d d, wonld be extremely liable to knock 
themselves to pieces bv the frequent striking £^ainst the drum, as 
they are thrown forward by the external machinery. 

Mr. Jonathan Homblower*s rotative engine (for which a patent 
was obtained in 1798) displays much ingeonity. The vessel in which 
the steam operates consists of a hollow cylinder, composed of two 
unequal parts, the smaller section of which is screwed off and on, 
for the purpose of rectifying and repairing the internal structure. 
These parts are cast separate, and then screwed together, iirrn and 
dose, by means of flanches. Thev are then covered with lids turned 
dso true, and form a figure resembling a drum. A Z are two tnbei, 
which pass through the central openings b the lids of the drnm, 
meeting each other at B. ab c d, are the interior limits of those 
tubes, on the inside of the drum, which are considerably larger than 
at A Z in their diameters 3 the use of which is, that there shall be a 
proper cavity at ef gh, to receive a packing of tow and grease^ or 
any other materials answering the purpose, between thatparticularpart 
and the end of the drum ; and also the frames of the diaphragms 
C C, may have the firmer holding to the hollow axles or tabes at D 0, 
leaving the parts of the diaphragm pendent at til. The dotted lines 
show the interior limits of the drum, when the diaphragms are in 
their jplaces } between which and the extremities of the ^aphragms 
there is a proper rabbet to receive the packings and between the 
pendent part of the diaphragms and the central hollow tube about 
which it revolves. This rabbet is formed by means of plates of 
metal, screwtid ou to the frame of the diaphragms, having their ^dgfiB r 
nearly in contact with the inner ^rfaoe of the drum, and will be 
foono accessible to repair or mew the packing, when the pawiusi 
which constitutes a part of the dram is removed. The parts 
may also be repaired at the same time, by means of rremoviog tNQO 
screws at each end of the hollow tube. The diaphragmii .(whJoii «ie 
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the whole force of ^le mftchine. I o provide against the least letro- 
gate motion whatever^ when the levers may be partly worn froui 
are fiiniished with springs between tbem and the oater 
extremity of the chaniiel, so that the two beating points may at least 
tonch their respective fulcrums. 

This was Hornblower's rotatory engine. It, too« aa we shall 
shew, hns been patented as an original invention mnny years subse- 
quently to the date. It would be no imnccnssary digression to *?hew 
here the necessity of some work which contained a chronological 
description of anything which has been attempted (and howsoever 
insigniiicaDt) in the form of steam engines. In the Repertory of 
tiie Arts thm Im, from the conmeiioemeiit « been isserted a deserip- 
tbn of most prdfessed improvements on the steam engine ; hot this 
work is too mrce^ too TolaminooSj and too expensive^ to be in the 
hands of many. 

The objection to this machine rijipears to be that the two dia- 
phragms c would soon destroy each other ; for whilst one remained 
stationary, the other having no check woald strike forcibly against 
it : now to retard this check would be to produce an irregular motion^ 
because as the motion is communicated direcUj to the external ma<- 
diiaery, any decrease in the speed of the diapfiragm wmild also 
predf ce a decrease of speed in the machine throughout : and if the 
speed of the diaphragm be kept np it would strike riolently agiinsi 
that one which is at rest. 

Mr. Matthew Murray, of Leeds, a gentleman, whose name will 
be familiar to most of our readers as a steam engine manfacturer of 
celebrity, obtained a patent, in 1799, for saving fuel and lessening 
the expense of engines. He proposed to effect the firat object, by 
having a smdt cylinder upon the boiler, to which hA i(tted a piston 
and rack ; tliis rack worked a wheel upon a spifldlej which spindle 
passed through the chimney, where was a damper, which had free 
liberty to turn round. As tiie steam increased in the boiler beyond 
the necessary force, it forced up this piston and rack, which acting 
upon the spindle, closed or partially closed the damper, and thereby 
lessened the draught of the hre, by which the consumption of the 
coal was reduced^ until tiie snpoifliiootf Steam was wrought out of 
die bduer> when a w^ght which had been wound* up by the Hse of ' 
tiUe distOD dtseehM, and allowed the damper toietvrn to hs'ftirmef 
peftftimi. 

The other object, nanicly , decrease of cost, will be better eluci- 
dated by the words of the specificatTon. " 1 cause the steam or 
atmosphere to act upon pistons moving in long pipes or cylinders, 
lying in a horizontal direction. These pipes may be sqOare or round, 
and of any length required^ but must lie in a horizontal direction^ 
wlndi 18 the pnnciple here stated. By which contriyance, a more 
convenient motion Caii be applied to mill work, and a much longer 
stroke can be obtained than in the usual way. 

Next, i cause the pistons movbgia the above pipes of cylinders, * 
by their reciprocating motion, to produce a circular or rotative 
motion of equal power, by means of screws, racks, and wheels. 
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applied in such a manner as k> cause the power of tlie engine to fix 

alternately the wheels necessary for producing motion, in perpendi- 
enUr or horuontal directions. 
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Fjigr, 1 and 2, two boriioiital cyliodert, conUdniog pistons M M 
tbe pbton rods. Figs .1,1, iideU for the steam from the Iwiler and 
atmosphere ; ^, 2, nutlets for the condensed steam or atmosphere $ 

a roller for bearing tbe piston. These pipes or cylinders must 
be firmly fixed down to a stone platform^ ofiroo dstem, or any kind 
of firm and secure fixing. 

O {Ftff. 1 and 2) is a rack, fixed to the piston rod M, and moving 
upon tbe roller P; Q is a socket wheel with teeth, working in 
the rack O ; the inside of the socket wheel Q is screwed to fit the 
middle of the azletree $ R 1 and R2, fFig. 1.) are plain wheda^ pat 
loose on the jyaofvof the axletree | at S 1 and 8 2, arc tooth wheels, 
put loose upon the rouiul part of the axletree. T are plain 
wliccls, acting as abutments, put fast upon the axletree. On an 
axletree or rotative shaft, for giving motion to tbe mill work, are 
fixed tbe wheels V and W ; X a small fly wheels for regolatiog the 
motion. 

Now the effect or motion of this machine is, that when the 
piston, and piston rod« and rack are impelled by the steam or 
atmosphere m the durection of the arrow, the socket wheel Q, tarns 
upon the screwed part of the axletree, and with its ends, presses 
(by the force or power of the engine) the loose wheel S I between 
tbe wheels R and T, by which means, the wheel V is turned with 
the same velocity as the screwed wheel Q, while the wheel S 2 is at 
liberty upon the axle j in which situation tlic whole continues, till 
the piston arrives at the end of the long pipe or cylinder, when 
the piston is changing motion and going in the contrary direction 
to the arrow, the rack O tarns the wheel Q in the opposite direction, 
sets at liberty by the former means the wheel S 1, and fastens the 
wheel S 2, which gives the same motion to the wheel W, by 
of tbe intermediate wheel B.* 
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Mr. W. Murdoek, of Redruth in Cornwall, obtained a jpnteift 
ID 1799, for a better method of boring cylinden, and for casting the 
steam case of Watts's engine in one entire piece, to which the top and 
bottom of the cylinder are attached. He also proposed to cast the 
cylinder and steam case of one piece of considerable thickness, and 
bore a " cylindric interstice'* between the case and cylinder , leaving 
them tUtached at one end ! ! ! In another part he proposes to simplify 
tibe omstnictlon of the Talves of the oondeiMiiig engine, by coBnectiiig 
the tipper and lower yalves so aa to work with one spindle or rod $ 
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the rod which coonecU them being tuhoiar answers as aQ edac^km 
pipe to the upper end of the cylinder. 

liut the luost uotabie iaveuUoa here described is a rotative eogliie^ 
which CQDslsts of Iw0 IfNCbed wbedt working faitQ each othor^ and 
filled into a'dovbhi ease leieSibUng two cylinders with a segment cot 
off each, a b, are^the two axes open which the two wheels D D an 
fixed. The teeth are anpppsed to be packed at the paits in ooplaiBt 
with the exterior cylinder. The teeth which are in contact are so 
fitted as to prevent any escape in tliat direction. Steam being intro- 
duced at the pipe s a rotative motion would be produced j but the 
construction would be Bo defective^ and the friction so great, as 
totally to prevent its ever answering in practice. At the same time 
wn ought to corroct an erroneona opinion which aany have Ibrmed 
respe<Slng tins machine^ which is^ that it would not move at all ; 
it Ming thought that as the snrfisu^ of the teeth ^ & are as groat as 
that of //, that there would be as great a tendency to turn one way 
as another, and therefore no motion would be produced. But it will 
be seen that as the teeth e e, though individually of equal superhcies 
with / / overlap each other, the surface presented to the action of 
the steam is only equal to one tooth, therefore the effect of the steam 
(without calcnlatlag firiction) would be one half of the real force. 

In the year 1800, Mr. Phineas Crowther, of Newcastle upon 
Tyne, obtained a patent for a method of dispensing with the beam of 
reciprocating engines by placing the fly wheel immediately above the 
piston, a represents the cylinder ; ^ b the parallel motion j and c 
the connecting rod. The priuciple will be seen by a slight inspection 
of the drawing without further explanation. Mr. Crowther con- 
btfucted beveral good engines on this plan which were found to 
snooeed very well. 

The Rev. Edward Cartwright obtained a patent for a Portable 
Engine in 1801^ of which the following is a description. 

It consists^ first in so disposing the different parts of the Steam- 
Engine as that the boiler^ the cylinder, the fly wheel, and all the 
moviug parts of the engine, shall be embrat^d by, comprehended 
witliin, or attached to a frame erected upon the boiler, and so con- 
nected together as to make one whole or perfect machine^ so com« 
pact as to be easily portabbi and requiring no farther tronble and 
expense, after it is finished at the manufiMtory, than to place it upon 
the fire, when it will be immediately ready for the office for which 
it is intended ; for this purpose it will be most convenient to make 
the boiler oblong, and straight-sided, with aflat top, placing the 
cylinder within the boiler, a position which has, indeed, been already 
adopted by others, though for^ a different purpose. The frauie 
extends leugthways on the sides of the boiler, and may project a 
little beyond that end of the boiler where is fixed the air-pump and 
condenser. To the part of the frame so projecting, the air-pump 
and condenser may be attached or snspenned. Aiaross the frame is 
an axle, with a pulley upon it, round which goes a chain or strap, 
to ttte top of the piston rod. Upon this axis is a crank, from which 
goes a connecting-rod to alever» lying horizontally on the top 
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«f, or aloqgeide the bdler. Besides tlie aus abef a^mnHoMd, ifaere 
Mt another axis lying acrosi, eilher unmediately above or below^ 
or on one side^ of the former one. Upon this axis^ which is the 
axis of the fly-wheel, is a cranky from which. gpes a ^onnacting cod 
to the wiiae lever^ t^ wa# apolMso of befor«. 
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Now it 18 evident^ tbat wlieii ib» pnUey is put In motbn by tbe 
action of the piston^ tbe crank upon its aadi will move the cnuik 
iqion the axis of the fly-wheel, as they are both connected to the 

same lerer. If, therefore, the pulley is made to move iu a direction 
from A to B, (see Fig. l.J and back again, by the action of the 
piston, and its counterweight; and if the crank upon its axis moves 
in the same direction likewise, the crank upon the axis of the fly- 
wheel will also do the same, uiile^ts it is made, as it must be, of aiKh 
a dftmninate length as that when il reaches the estremity of its 
motion it can pass forwards; in that case a rotatory motion is 
produced on the fly-wheel. Again, if the crank upon the axis of 
the pulley is so disposed as that when the pulley moyes from A to 
or through any space not exceeding a complete revolution, (see 
fig: 2.) the crank sliall pass from C to E, through D, or in that 
direction, according to the space tlirongh wliich any efiven point of 
the pulley passes tbe crank will give two vibrations to the lever for 
one stroke of the engine, which will give two rerolotions of the 
fly-wheel in the same time. Again, if the diameter of the pnlley he 
so radnoed as that the stroke of the engine shall make the puUey 
revolve once and a half round and back again, the crank will occasion 
the lever to vibrate three times for every stroke of the engine. Again, 
if the diameter of the pulley be so reduced as that it shall make two 
complete revolutions, and back again, for one stroke of the eugiae, 
in that case the crank will give four vibrations to the lever for 
one stroke of the engine, ana the fly-wheel will revolve foer timet. 
By this iaventioii the fly-wheel may be made to mn tdth any requi- 
site velocity without the intervention of any kind of wheel-work. 

Secondly. For the purpose of lessening the waste of power, and 
regulating the velocity of the engine, instead of makine^ the i^over- 
nor act upon the throttle valve, by causing it to give motion to a 
wedge, sliding at liberty backwards and forwards, under the weight 
which keeps the steam valve open. If in any particular case it 
should be thoneht convenient to have the fly-wheel below, its aiis 
most be placed uidemeath the lever, connecting it to the lever by 
a rod as before. 

Thirdly* When a reciprocating motion is required horizontally 
the connecting rod of either crank is extended as far below j the 
lever as may be necessary, and at the bottom; that wliich is wanted 
to have a reciprocating motion hangs to it in a joint. 

Tlio air pump, as well as any other pump tbat may be wanted, is 
worked by a lever, which receives action the piston. And to 
•vcsh lever is applied the necessary connterweight. 

If the enghie is a double one, there most be a donUe chain or 
strap round the paUey, 80 that the piston may act upon the pulley 
both in its descent and ascent. Or the action may be given to the 
axis of the crank by a nck and pinion. 

A, the cylinder. 

B, the holler. 

C, pulley put in motion by the piston aad its counterweight. 

D, the crank upon the axis of the pulley. 
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the oonneetiiig rod. 

F, the lever. 

G, the fly-wheel. 

H, the crank upon its axis. 

I, rod connecting it to the lever F.* 

This engine is portable and cheap, but we think it falls short of 
Mr. Cartwriglit'at former scheme for ingenuity; we dislike racks aod 
piniaDB where they can possibly be avoided neither do the chains 
dflsem, in our opinioo^ more commendation. Belli these plans are 
inferior, in our jodgment, to many engbes In actual use at the date 
of this patent. 

Mr. Matthew Murray's patent of 1801, contained more merito- 
rious and useful schemes than hh former pntent, most of them being 
generally in use at the present day. We shall describe his valves, 
commonly called nozzles. 

0j in the present figure/ is the pipe conveying steam from the 
boiler, and dehveriog it into the descending pipe p, whidi terminates 
in the valve g, opening to the lower part of tlie cylinder by the 
side opening marked as a shaded paralteic^gram, while the valve r 
opens a similar communication with the upper part of the cylinder, 
so that by the successive opening and shutting of q and r, steam is 
admitted above and below the piston : s is the lower end of the 
eduction pipe, joining on to the condenser, and this j)Ipe opens first 
to the lower part of the cyiinder by tlic valve and leads also by a 
perpendicular contionation of the same pipe to a valve by winch 
a connection is formed with the npper part of the cyHnder« The two 
apertures into the cylinder, called nozzles, are therefore common 
both to the admission of steam, and formation of the vacuum, which 
is regulated simply by the working of the valves. For as the figure 
now stands, r is the only open valve in the steam pipe, consequently 
steam would enter above the piston to depress it, while a vaamm 
wouJd exist below it on account of the valve 6 being open to the con- 
denser. As soon as the piston reaches the bottom of the cylinder, 
the valves r and I most be shut, and ti and q opened, when the steam 
being no longer able to get through r, would pass down the pipe p, 
and enter the lower part of the cylinder through q ; meantime, u bttng 
-open to the condenser hy the pipe v, would cause the necessary 
vacuum above the piston to permit its ascent, which being completed, 
the valves must be again put into the position shewn in the figure, 
to produce its descent, and so on. It will be sutiiicicnt to state that 
these valves are operated npon, either by levers passing in a steam- 
tiffht manner through the side pipes, or that sometimes the spindles 
of the valves are made to act one through the other in stuffing, as in 
the present instance, when they are worked by external applwations. 
It is likewise not unfrequent to connect a steam and condensing 
valve, when they are required to open and shut simultaneously by 
an external rod. Motion is communicated to the valves in such 
engines as are without a fly-wheel, by a rod, or beam, attached to the 
engine beam, very near to the cylinder end uf it, and called a plug- 
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tree ; this plug-trcc is equipped with certain adjmlftUe projections, 
called tappets^ which strike the levers or handles of the valves, and 
thot open and shut them at the proper iatemb m Ihej ti» ani lUl 
with the beam.* 
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By this most ingenioDS contrivance no wa8te of steam arises, 
excepting iu the small aperture between the valves ; the friction is 
likewise much less than either slides, cocks, or indeed any other kind 
o( valve — the only resietance to th^r motion being the pressure upon 
the upper side- by the ateun, when in tbelr teate. IMr coet^ com* 
pred to thai of tbe slide-i^dve, is micli greater^ Iwt astbey ave sot 
aable to wear, md work with great accuracy, the eitn eipenae dees 
not prevent their very general adoption for lafge engjaes. 

At the same time Mr, Murray described a new air-pump, m which 
the air in the condenser was discharged from the air-pmnp without 
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an eObrt to open the valves, or press through a body of water, and 
in which the air and water were discharged, separately, in different 
ways ; this he effected by (ii5cliargi[)<r the air alone by one bucket, 
and the water alone by another, or by an educlion pipe of 28 feet in . 
length. A represents the coodenyseir j B the air-pump ^ C the liir : 
piston ; D the air valve whicK lb opencNl ud tbift by tke woffkin^^ 
parts of tUe €0^06* md has an eltatic rod ; £ the valve for dis* 
charging the air $ F the eshaiisting pipe, having a free eenmamca^ [ 
tion betwixt the condenser and the top of the ak pump, when the 
valve D is open ; G the eduction pipe ; K a bucket for lifting the 
water upwards as in a common pump ; L a foot valve for preventing 
a return of the water during the descent of the bucket K ; M the 
barrel of the pump for discharging water alone. This, together witb 
im inspectioii of the preceding diagram, witt serve to shew tbeeatarieof 
liis invention. The utility of the separate ^scharge of the aur mmI water 
is nnqneitiooable ; but whether tliis will ^mpensate for tlie increased 
expense and complexity can only be ascertained in practice. Mr, 
Murray's scheme, however, has been again made the subject of a 
patent, a short time ago, by Mr. George Stephenson, of Newcastle, 
In the same year (1801) Mr. Bramah obtained a patent for an 
improvement in the fourwaycock, by causiug it to make a coiitinuone'f 
levolntion instead of a partial one (as used previoosly). fiy thiel 
vielhod the wear was more regular, wiiicb rendered the oock danble^l 
and it was likewise more certain and correct in its ac^on. 

Mr. John Nuncarrow*8 engine, forgiving motion to a water»>whcel, 
by a fall obtained by the power of steam, acts upon the same principle 
as those of Papin and Savery, but as his machine possesses tnany 
great advantages over theirs, we shall offer no apology for its insertion. 

A is the receiver, which may be made either of wood or iron.^ 
B B B B B are wooden or cast iron pipes, for conveying the water 
to the receiver, and t&ence to ti^ penstock. C the penstock or 
instem } D the water wheel ; E the boiler, which may be either iroo 
or copper } F is the hot well for supplying the boilar with water > 
G G are two cisterns under the level of the water, in which the 
small bores B B and the condenser are contained. H U H is the 
surface of the water with which the steam engine and water wheel 
are supplied ; a a is the steam pipe through which the steam is 
conveyed from the boiler to the receiver } b the feeding pipe, fo^ 
supply in^ the boiler with l^t water } e e c c e the condensing appa- 
ratus ; ad the p^ which conveys the hot water from the condenser 
to the hot well ; e e e valves for admitting and excluding the water ^ 
/ythe injection pipe, and g the injection cock; h the condenser. 

It does not appear necessary to say any thing hereon the manner 
in which this machine performs its operations without manual assist- 
ance, as the method of opening the cocks, by which the steam is 
admitted into the receiver and condensed, has been already wdl de- 
earibed by several writers. But it will be necessary to remark, that 
the receiver, penstock, and all the pipes, mnst be previoosly filled 
before any water can be delivered on the wheel ; and when the steam 
in the boiler has aoqnired a sufficient strength, the valve as at c is open. 
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and tba ftteun immediately mhea from the iKMler at E into tlie re* 
ceiver A, the water deeeenda ttemigh the tabes A and aad aweods 

throagh the valve e, and the oth^ pipe or tabe B into the penstock 
C. This part of the operation being performed^ and the valve c 
shut, that at fi\9 suddenly opened^ through which the steam rushes 
down the condensing pipe c, and in its passage meets with a jet of 
cold water from the injectloa cock g, by which it is condensed ; a 
vacuum being made by thia means iu the receiver, the water i:i diiveu 
np to fill it a leceod obm thnmgh the valvea e e, by the preemre of 
the external air, when the ateam Tal?e at « ia again opoiM, and the 
operation repeated fev any length of time the machine ia reqnired ta ^ 
work. 

There are many advantages which a steam engine on this con- 
struction possesses, beyond anything of the kind hitherto invented j 
a few of wlilch the inventor thus enumerates ; — 

Ist. It is subject to little or uo friction. 

Sadly. It may be erected at a email expense, when compared 
with any other sort ef ateam enpne. 

3rdly. It has every advantage whidi may be attribnted to 
Boulton and Watt's engines, by condensing oat of the receiver, either 
in the penstock or at the le?el of the water. 

4thly. Another very great advantage is, that the water in the 
upper part of the pipe adjoining the receiver acquires a heat by its 
being iu frequent contact with the steam, very nearly equal to that 
of MiliDg water : hence the receiver is alwa^ kept uniformly hot, 
as in the case of Bonlton and Watt'a engbes. 
' Sthly* A very small stream of water is sufficient to supply this 
engine (even where there is no fall), for all the water raised by it is 
returned Into the reservoir H H H. From the foregoing reasons it 
would seem that no kind of steam-engine is better adapted to give 
rotary motion to machinery of every kind than this. Its form is 
simple, and the materials of which it is composed are cheap the 
power is more than equal to any tfther machine of the iiind, Secanse 
there is no dedaction to be made for fidetion, except on aceoont of 
taming the cocks, which is but trifling. 

But it should be observed on the other hand, that one of the 
properties of this machine, enumerated by the inventor as an advan- 
tage, would be found more a defect than otherwise ; we aUudc to Uie 
water in the upper part of the pipe being heated by the steam. Por 
though less steam would be lost by condensation, yet it should be 
remembered that it is impossible to form a vacuum on the smiaoe of 
bdlling water. The only way, therefore, that the water wonld he 
raised np the column B, wonld be by the oondensation in G . being 
more rapid than the steam could he generated from the boiling water 
in B. But we apprehend steam would be generated thus almost as 
quick as it could be condensed, and therefore the operation of filling 
B would prove very slow. The addition of a non-conducting float 
might probably, iu part, obviate this objection. 
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CHAPTER V. 

CONTENTS. — ORIGIN OF TBE STEAM BOAT. — EVANk'b ENGINE AND EXPERIMENTS. 
ROBBIlTSON*t ENaiMB. — TRltV£THEC& AMD TIVIAM. — MVRRAT's PORTABLB 

■Naiiia»<'-^iu)OK't nm^aauim* — woin#s*a boilbr, fte.<»BOBii'- 

HLOWBR*a STEAM WHEEL. — BOAZ* IMPROVEMENTS oy gAVKRV. — TR0TTER*9 
ROTATIVE BII6IMS. — VUNT*» EMOmS.— WItXOX's ROTATORY BNCINE. — 
If A1IIMK.BVV MMTABbS nrOlltB. 

OuK liiiitory uow brought down to the time ia which the 
mitids of ingeQiouf mechanics were aclWely engaged in the project of 
applying the iteuu engine to propelliiig yesads. The idea had* as 
we have ahown^ been entertained both by Savery and Hulls, the latter 
,af whom obtained a patent lor the application of the crank to New- 
comen's engine, with the expectation of carryiniif his pkn into effect 
by this means. But the steuui engine tvas at that date too imperfect 
to admit of success ; aod we cannot, therefore, attach greater im- 
portance to the sclkemcs of these individuals, than we should to tlic 
projects of nnmberless other men to whom the idea had^ no doobt* 
traqoently oocnrred loiw before the atean lioat waa brooght into 
xneceesfol operation. Who the person waa that made the first attempt 
to carry into effect this most important improvement, has, like mott 
such raeritorious inventions, become the subject of dispute. It ap- 
pears that the carhest experiments tried iti England were in 1801: 
but if we may credit the statements of a most ingenious mechanic, 
(Mr. John Evans, of America,) it appears he had pubiished a descrip- 
tioa of a method of driving boats by steam, in 1785. Untoward 
eircamataaoea prareatad Mr. Bva&a from earrying his plan into eiwt 
satil 1804;« bnt he does, in oar opinion^ tally ertablish his claim to 
the fint eantrivance of a practhwh atean boat. We ahall insert 
Mr. Evans's own account of the commencement and progress of his 
Ideas and experiments, we consider them aofficiently important to 
merit every publicity. 

" About the year 1772, being then apprenticed to a wheelwright, 
I laboured to discover some meaiiti of propelling land carriages, 
irithoat employing animal power. All the modes that hava buk^ 
bemi triedj (so far as I nave heard of tbemj) aneh aa the wind* 
treadles with ratchet wheels, cranks, &e. to worked by men, pre- 
sented themselves to my mind j but were considered as too futile to 
deserve an experiment: and I conclnded that such motioa vaa im- 
possible, for want of a suitable original power. 

But one of my brothers informing me, on a Christmas evening, 
that he had that day been in company with a neighbouring black- 
amith'a boya* who, for amnsement, had stopped up the tooch-hole of 
a gnn-barral, then put into it about a gill of water* snd rammed 
down a tight wadding I after which they pat the breech-end qf it 
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into tbe smith's fire, when it diacbarfed itoelf wilk a$ loud a cnA 

as if it had been loaded with i^nnpowder. 

" It immediately occurred to mc that there was a power cripabie 
of propelling any waggon, provided that I could apply it; anci I set 
my&elf to worit to hiid out lite means of doing so. 1 laboured for 
some time witlwot tocoess^ at length a book fell into my hands, 
dctcribing the old atmospheric engine, I was astonialied to obterve 
tbat they bad ao he erred as to aaetbe steam only to form a vacoum, 
to apply the mere pressare of the atmosphere, instead of applying 
the elastic pmver of the steam for original motion ; a power which I 
supposed was irresistible. I renewed ray studies with increased 
ardour, and soon declared that I could make steam waggons ; and 
endeavoured to communicate my ideas to others; but^ however 
practicable the thing appeared to me, my object only ezdted the 
ridicale of those to wb«Nn it was knoira. Bot I persevered in ofy 
belief; and oonfirmed it by experiments, that satisfied me of its 
reality. 

" In the year 1786 I petitioned the legislature of Pennsylvania, 
for the exclusive right to use my improvements in flour-mills, ns also 
steam waggons, in that state. The committee^ to whom the petition 
was referred, heard me very patiently while I described the mWi 
improvements J but my representations concerning steam waggons 
made them think mebsane.' They, however, reported frvonrably 
fespeoting my improvements in the manufoctare of noiir i and passed 
an act, granting me the eiclnsive use of them, as prayed for, Tliis 
was in March, 1787, but no notice is taken of the steam waggons. 

*' A similar petition was also presented to the Legislature of 
Maryland. Mr. Jesse Hollingsworth, from Baltimore, was one of 
the committee appointed to hear iiic, and report on the case. I can- 
didly iuformed this committee of the fate of my application to tbo 
IqrialatBre of Ftonsylvania, respecting the steam waggons, declaring 
at the same time, without the encooragement prayed for Imng granted 
to me, that I wonld never attempt to malEe them; bnt that, if they 
would secure to me the right as reqnested, I would, as soon as I 
could , apply the principle to practice : and I explained to them the 
great elastie power of steam, as well as my mode of applying it to 
propel waggons. Mr. Hollingsworth very prudently observed, that 
the grant could injure no one; for he did not think that any man in 
the world had thoogfat of each a thing before ; he therefore wished 
the encooragement might be allbided, as there vras a prospect that it 
wonld produce something nsefot. This land of aignment had the 
desired effect; and a favourable report was made May^lst, 1787» 
granting to me, my heirs, and assigns, for 14 years, the excltTsire 
right to make and use my improTements in flour mills, and the steam 
wagons, in that State. From that period I have felt myself bound 
in honour to the State of Maryland, to produce a steam waggon as 
soon as I could conveniently do it. 

In the year 1789 1 paid a visit to Benjamin Chandler & Sons, 
clock- makers, men celebrated for their ingenaity^ with a view to 
indoce them to join me in the expense and profits of the project } I 
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«hovvef1 to them my drawings, with the plan of the engine^ and 
explained the expaosive power of steam ; all of which they appejircd 
to understand : but, fearful of the expense and difficulties attending 
it J declined the concern. However^ they certihed that I had fihowu 
them the drawings^ and explained the powers of liigh-pressnreiteam^ 

" In the same year I went to £Uioott*8 miUs^ on the Pat^Mes^ 
near Baltimore, for the purpose of endeavouring topessuade Messn.. 

Jonathan ^lllicott nnd Brothers, and their connections, (who were 
equally famons for their ingenuity,) to join me in the expense and 
profits of making and using steaui waggons. I also sliowcd them my 
drawings, and minutely explained to them the powers o[ bteam^ they 
appeared fully to 9omprchend all I said ; and, in return^ informed me 
of some experiments they themselves bad made^ one of which they 
showed me» They placed a gun-barrel, having a hollow arm , and a- 
email hole on one side, at the end of the arm, similar to Barker*8 
rotary tube mill : a little water being put into this barrel, and fire 
applied to the breech of it, the steam issued from the hole in the end 
of the arm with such force, as, by re-action, to cause the machine to 
revolve, as I judged, about one -thousand times in a minute, for the 
apace of about hve minutes, and with a considerable force for so small 
a machine. I tarried liere a few days, (May 10th and llth> 1789,) 
using my best efforts to oonvince them of the possibility and practl- 
cabinty of propelling waggons, on good tumpilm roads, by the elastic 
power of steam. But they also feared the expense and difficulty of 
the execution, and declined the proposition. Yet tliey highly esteemed 
my improvements in the manufacture of flour, and adopted them in 
their mills, as well as recommended them to others. 

" In the same year 1 couimuuicated my project, aud explaiued 
my principles, to Levi HolUngsworth, Esq. now a mevchent In 
Baltimore. He appeared to nnderstand. them $ but also de^ed a 
partnership in the scheme, for the same reasons as the former person^ 

From the time of my discovering the principles^ and the meana 
'of applying them to use, I often endeavoured to communicate them 
to those 1 believed might be interested in their application to waggons 
or boats ; but very few could understand my explanatioas, and I 
could had no one willing to risk the expense of the experiment. 

In the year 1785, or 1786, before I had petitioned the legUla^ 
tnre, 1 fiellinto company with Mr. Samuel Jackson, of Redstone> and 
learning of }am, that he resided on the Western Waters, I endea^ 
roared to impress upon his mind the great uti^ and hi|;h importance 
of steam-boats, to be impelled on those waters. Telling him that I 
bad discovered a steam-engine so powerful, according to its weip^ht> 
that it would^ by means of paddle-wheels (which 1 described to lum)^ 
readily drive a vessel against the current of those waters with so great 
a apttd a5 to be highly beuehcial. Mr. Jackson prove^i that he 
understood me well i for he hn lately written lettere, dedming* that 
about twenty*six years before thdr date, I described to him the prin* 
ciples of the steam-engine, which 1 have since pat into operation to 
<mve iniQs^ which he has seen | wad that I also explained to him my 
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plan for propelling boats by my steam-engine with paddle-wheels, 
describiiig the very Idiid of wheds now vMd for tlik pori>o8e ; and 
tint I then dedarod to Ma my iitentioB to apply my engine to tins 
particular objoet^ ai oooii at my peco n iary circumstances would permit. 

** In the year 1800^ or 1801, never having fonnd a person willing 
to contribute to the expense, or eyen to encourage me to risk it my- 
self ; it occurred to me that, althongh I was then in full healthy I might 
be suddenly carried off by the yellow fever that had so often visited 
our city (rbiladelpbia), or by some other disease of casualty, to 
which all are liable ; and that I had not yet discharged my debt of 
lionoiir to the state of Maryland, by producing the steun-waggons, 
I determined^ therefore, to set to work the next day to constmct 
one. I first waited upon Robert Pitteneo, Eeq. professor of mathe- 
matics in the university of Pennsylvania, and explained to him my 
principles, as I also did to Mr. Charles Taylor, steam engineer, 
from England. Hiey both declared these principles to be new to 
them, and highly worthy of a fair experiment ; advising me without 
delay to prove them, in hopes that 1 might produce a more simple, 
cheap, and powerfhl iteam-engine, than any in nae. These sentle- 
men were the only persons w1k> had snch confidence, or nfibrded me 
sndi advke. I alo communicated my plans to B. H. Latrobe, Esq. 
at the same time, who pnblidy pronounced them chimerical, and 
attenf^ted to demonstrate the absurdity of my principles, in his Report 
to the Philosophical Society of Pennsylvania, on steam engines ; in 
which report he also attempts to shew the impossibility of making 
steam-boats useful, on account of the weight of the engine, and I 
was one of the ^plnmm aOnded to as being selaed irfth the steara- 
manla* in eoncmrbg thai waggons and boats conld be propelled by 
steam-engittes. Urn liberdity of the members of the society canaed 
them to reject that part of his report which he designed to be demon- 
strative of the absurdity of my principles ; saying, they had no right 
to set up their opinions as a stumbling-block in the road of any exer- 
tions to make a discovery. They said I might produce something 
useful, and ordered it to be struck out. What a pity they did not 
also reject his demonstrations respecting steam-boats ! for, notwith- 
standing tbem^ they hare mn, are now nmidnff^ and wUl ran y so 
has my eq^e and all its priiidples sncoeeded; and so will tsnd- 
carriMs as soon as these pnnciples are applied to them. 

In cdnseqnence of this determination above alluded to, I hired 
workmen and went to work to make a steam waggon, and had made 
considerable progress in the undertaking, when the thought struck 
me, that, as my steam engine was entirely different in form, as well 
as in its principles, from all others in use, I conld obtain a patent for 
it and apply it to mills, more profitably than to waggons ; for until 
now I apprdhended thst» as steam-mills had been need in Enghmd^ I 
conld only obtam a patent lor waggons and boats. I stopped die 
wmHk immediately, and discharged my bands^ nntil I conldf arrange 
my engine for mtits| having laid aside the steam waggon for a time 
of mote leisure. 

' Two weeks afterwards I commenced the construction of a small 
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engine, for ft mill to grind j)lrnstc'r of Paris, The cylinder six iocliefl 
in diameter^ and the sLioke of ihe piatou eighteen iuciieSj believing 
thatf with one thooaand dollars I could folly try fihe ezpoineiit. 
But before I had doae with experimeatt^ I foona that I had espeaded 
three thousand seven hnndrcd dollars — all that I could command ! 
I had now to begin the world anew, at the age of forty-eight, with a 
larere family to support. I had calculated that if I failed in my 
experiment, the credit 1 bad acquired would be entirely lost, and, 
without inoaey or credit, at my advanced a.gc, with manv heavy in- 
cumbrancea, my way thiough life apueared dark and gioouiy indeed! 
Bot I flooceeded perfectly with my little engine, and presenred my 
credit. I could break and grind 300 bushels of plaister of Pbris, or 
IS tonSj in twenty-four hours; aud^ to show its operation mote fully 
to the public, I applied it to saw stone, in Market- street, where the 
drivincf of twelve saws in heavy frames, sawing at the rate of 100 ft. 
of marble in twelve hours, made a great show, and excited much 
attention. I th ^iixlit this was sufficient to convince the thousands of 
spectators of the utility of my discovery ^ but I frei^uently heard them 
laquire if the power could be applied to sawtimber^ as well as stone^ 
to grind grain, propel boats, &c. i and, though I answered in llie 
affirmative, I found they still donlited. I therefore determined to 
apply my engine to many new uses, and to introduce it and them to 
the public notice. 

" This experiment com[>lotely tested tlie correctness of ray prin- 
ciples, agreeably to my most sanirnine hopes. The power of my 
eogioe increased in a geometrical proportion, while the consumption 
of fuel had only an arithmetical ratio } and io such proportion that 
e?ery dme I added one fourth to the ooasumption of fuel, the power 
of the engine was doubled j and thattwice thequantity of fuel required 
to drive one saw» would drive sixteen saws at least ; for, when I 
drove two saws, the consumption was eis^ht bushels of pit coal in 
twelve hours ; but when twelve saws were driven, the consumption 
was not more than ten bushels ; so that the more we resist the 
steam, the greater is the effect of the engine. On these principles 
very light but powerful engines can be made, suitable for propelling 
boats and land carriages, without the great incumbrance of thdr own 
weight, as mentioned in Mr. Latrobe's demonstral'ions. In the year 
.1604» I conftrncted at my works, situated a mile and a !:alf from the 
water, by order of the Board of Health of the city of Phihdelphia, 
a machine for cleansing docks. It consisted of a large flat or lighter, 
with a steam en£];:ine of the power of five horses on board, to work 
machinery to raise the mud into lighters. This was a fine opportunity 
to show the public that my engine could propel both land and water 
carriages, and I lesoked to do it. When the work was finished, I 

wheels under it, and thou(^ it was equal in weight to two bun* 
jlred barrels of flour, and the wheels were fixed on wooden axle- 
trees for this temporary purpose in a very rough manner, and 
attended with great friction of course ; yet with this small engine, I 
transported mv great burthen to the Schuylkill with ease ; and when 
.it was launched into the water, I fixed a paddle wheel at the stero. 

If 
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and drove it down tlie Schuylkill to the Delaware, and np the Dela- 
ware to the city 5 leaving all the vessels going up beUiod me, at 
least half way, the wiDd beiog a head. 

" Some wise men eedertook to ridtcnle my experiment of pro- 
pellieg this great weight od laod, becaose the motioa was too slow 
to be useful. I silenced them by answering, that I would make a 
carriage to be propelled by steam, for a bet of three hundred dollars, 
to run upon a level road ai^amst the swiftest horse they could pro- 
duce. I was then as coiihdeut as 1 am now, that such a velocity 
could be given to carriages. 

*' Having no doubt of the great utility of steam carriages on 
tnropike ros3fl, with proper arrangements for supplying them with 
water and foel; and bdieving that all taropike oompanies were 
deeply interested in carrying them into operation, becaaie they 
wonld smooth and mend the roads instead of injuring them as the 
narrow wheels do ; on the 26ih of September, 1S()4, I submitted to 
the consideration of the Lancaster Turnpike Company, a statement of 
the cost and profits of a steam carriage, to carry one hundred barrels 
of flour, hfty miles in twenty-four hours ; teodiug to show, that one 
neh iteam carriage would make more net profits than ten waggons 
drawn by five horses eaeh, on a good tompike road; and offering to 
build svch a earriage at a very low price. My addresa dosed aa 

follows : — 

It is too much for an individual to put in operation every im- 
provement which he may invent. * I have no doubt but that my 
' engines will propel bouts against the current of the Mississippi, and 
' carriages on turnpike roads with ^eat profit ; 1 now-call upon those 
' whose interest It il to carry this tovention into eflect.' In the year 
1S05, Ipablished a work describing the principles of my steam 
engine, with- directions for working it, when applied to propel boats 
against the current of the Mississippi and carriages on turnpike 
roads. And I p>m still willing to make a steam carriage that will run 
fifteen miles an honr on good level rail ways, on condition, that I 
have double price if it sliall run with that velocity ; and nothing at 
ail for it if it shall not coiue up to that speed. What can an inventor 
domore, than to insare the performance of Ids inventtons > Or, I will 
mke the engine and apparatus at a fair price, and warrant its nttlity 
for the purpose of conveying heavy burthens on good turnpike roads. 
I feel it just to dedare, that with Mr. Latrobe 1 myself believed, 
that with theponderons and feeble steamengine nownsedinboats, they 
never could be mndc useful in competition with sailing boats, or to 
ascend the MisaUsippi ; believing the current of that river to be 
more powerful than it is. But 1 rejoice, that with him I have been 
mistaken ; for I h&?« liTod to see boats socceed well with those 
eagiaee, and I still hope to see them so completely excelled and oiit» 
run by using my engine,' as to indoce the proprietors to exchange the 
old for the new aiore cheap and powerful engines. 

*' I have been highly delighted in readini,' a correspondence bet ween 
John Stevens, Esq. and the Commissioners a{;pointed by t!ie legis- 
lature of New Vork, for fixing upon the site of the new canal, pro- 
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p0»6d ta be 4;pi in ttiat^Jtate. Mr, Stevens has taken a most 

comprehensive and very ingenious view of this important subject ; 
and his plan of rail ways for the carriages to ran upon, removes ail 
the difficulties that remain to be overcome. I had the pleasure also 
of hearing geutleaicn of the keenest penetration and of great mecha- 
nical and philosophical taieutSj freely give into the belief^ that 
tteam carriam will become very asefnl. 

" Mr. John ElUcot (of John) , propoeedto »alM roedsof tvbitaiicee, 
soch as the beet tampike roads are made witb, with a path for eacb 
wheel to run on, and havlog a railway on posts in the middle to 
guide the tongue of the wa^on, and to prevent any other carriage 
from travelling upon it. Then, if the wheels were made broad and 
the paths smooth, there would be very little wear ; such roads might 
be cheaply made, they would last a lun^ time and require very little 
repau- and they ought to be preferred in the first inatHace le 'those 
proposed by Mr. Stevens ; as two iraysooekl be made ie some ^nrls 
of the country for the same expense as one could be- made with 
wooden ruls j but either of the modes would answer the purpose^ 
and the carriages might travel by night as well as in the day. When 
we reflect upon the obstinate opposition that has constantly been 
made by a great majority, to every step to improveinent, from bad 
roads to turnpike rpads, from turnpike roads to canals, and from 
.canals to rail ways for heme carriages $ it Is too mnch toeipect, 
that the prodigloos leap from ba^ roads to rail ways for sleatt 
carriages, will be made at once j one step in a generation is all that 
we can hope for. If the present generation shall adopt canals, the 
next may try tfte rail ways with horses^ and the third generation 
nay use the steam carriages. 

" But why may not the present generation, who have already 
good turnpike roads^ make the e^^periment of using steam carriages 
upon them > They will^ assuredly, effect the movement of heavy 
bmdenss with a sbw motion of two and a half Jniles an boor | aad^ 
as their progress need not be iaterrspted, they may travel fifty or 
sixty miles in the twenty-four hoers. Thie is all that I hope to see 
in my time ; and thnngh I never expect to be concerned in any business, 
requiring the regular transportation of heavy burdens on iandj because, 
if I am connected in the affairs of a mill, it shall be driven by steamj 
and be placed on some navigable water, to save laud carriage. Yet 
I certainly intend, as soon as I can make it convenient, to htM n 
steam carriage, tint wiU mn on good tvropike Mwdsy. on ny em 
accQont, if no other person will engsgs in it^ and I veiily Imieve 
that the time will come when carriages, propelled by Aeam^ wiU be 
in general use, as well for the transportation of passengers as goodsj 
travelling at the rate of 15 miles an hour, or 300 miles a day! 

*' It appears necessary to give the reader some idea of the prin- 
ciples of the steam engine which is to produce such new and singular 
effects I and this I will endeavour to do in as few words as I can, by 
showing the oKtent to which tfate priBciplte .m ekeady applied* 

JU) male steam as irnesistible or powerfol as gmipowder, we 
haTOOoly to eoBfineit, and toikdreese the lie»t by mHip^ foel to the 
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boiler. A stenm cnn:!ne, with a workm** cylinder, only nine inches 
in diameter, and the stroke ot the piston three feet, will exert a power 
safficient to lift from 3000 to 10,0oo 11)8. perpetidiculariy, two and a 
half miles per hour. This power, applied to propel a carriage on 
]e?el roads or railways* woofd drhw a very great weight with miieli 
Tdixaty, before the Irictioii upon the axletrees^ or the resiataitee of 
the atmosphere, would balance it. 

" This is not specnlatife theory. The principles are now in 
practice, driving a saw-mi!l, at Manchacks, on the Mississippi ; two 
at Natchez, one of which is capable of sawing 5(WK) feet of boards in 
twelve hours; a mill at Pittsburgh, able to grind twenty bushels of 
grain per hourj one at Mairictta, of equal power) one atLexiugton, 
(Kentucky,) of the same power ^ one a paper-mill^ of the same power | 
one of one-foorth the power, at PSttabargh ; one at the same place of 
three and a half times the power, lor a forge, and for roUing and 
^littang iron i one of the power of 24 horses, at Middletown, (Con- 
•necticut,) driving machinery of a cloth mannfactory ; two :it Phila- 
delphia, of the power of t^ve or six horses j and inaDy making for 
different pmposesi tlie ])riiiciples applying to all cases where power 
is wanted to drive macluuery.'* 

Mr. £vaos at the same time describes bis own steam engine, 
'Whlch is well known to in very general nse In America. 

A the boiler, B the working cylinder, C the lever beam, D the 
.fly wheel, •£ the cistern or condenser, P the cold water pump, O the 
supply pump, H the fire place, I the chimney flue, K the safety valve, 
which may be loaded with from ICQ to 150 lbs. to the inch area^ it 
."will never need more, and it must never be fastened down. 

The boiler being filled with pure water (rain or distilled water) 
•as high as the dotted line, and the fire applied, the smoke eaters the 
oentre ftoe, whidi paasea throngb the centre of the water to atcenil 
the flue I, and thas acts on a large sor&oe. 

When the steam lifts the safety valve, it is let into the cylinder 
by opening the throttle valve, and rlrlves the piston np and down, 
which, by the rod 1, gives motion to the fly wheel j and the wheel 2 
gives motion to a shaft, passing through the supports of the cylinder 
to turn the spindle of the rotary-valves, 3, 8, which lets the steam 
both into and out of the cylinder, at the proper time. 

The steam, escaping by the pipe 4, corred backwards and for^ 
wards in a sigzag form, ana immersed in the water in the ciatern E, 
(which is supplied by the cold water pomp F,) is condensed ; and the 
distilled water formed thereby descends, by the pipe 5, into the aopply 
• pump G, and is forced into the boiler again by tlie pipe 6, 

But as boiiin^^ disengages air from the water, so the shifting- 
valve, 7, is necessary. This valve lifts at every puff of the steam, 
and a small quantity escapes ; and it shuts, and a vacuum is instantly 
'.lormed, as the crank passes the dead points. 

The amall waste of water may be replaced by condensing water 
in the cistern E, and canainff it to ran down the pipe G, through a 
hole in the key of a stop-cock one-32nd part of an inch in diameter; 
a small hole, indeed, to snp^ly a boiler of « steam ea^ne of twenty 
horses power. 
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Id 18()1 Messrs. John and James Robertson, of Glasgow, obtained 
a patent for ao improved steam -eogine, the form of which differs 
little in coOfferBCtion from many other engines^ except that in place 
of 0110 working cylinder * in these there are two ; in this the leeeer 
fmj being placed on tbe tap of the larger fmj and made lhat to it. 
To each cylinder their is a piston fitted, which are connected together 
by a c}"linder D : or this cylinder is so made as to have the pistons 
iii ono piece with it. This cylinder is made so that it may nearly 
till the small cj linder n j that is, that it may work up and down so 
that the external surface <rf the one may not rub on the internal 
surface of tbe Other. The steam and conducting pipes, with tbe 
yaMih> explained in the followiiig description of the 4^>eration 
of die MKlM.^ 
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*' Lei the worlaag biuidleB, with the valMit, be plaeed m taoh » 
mm0tt thai ateam m>m the hoUer nay have free accees through the 
pipea. and cylindera into the cundensing vessel, to free the whole of 
the a!r, as in the usu^I maoner. When this is done the engine is 
set to woric by the valves b and c beins^ simt, and by that of a left 
open, and water let into the condensing vessel C, when a vacuom 
takeii place in it by means of the condensation of tlie steam, and also 
in the under part of the large cylinder nt, below its piston (there 
being, a. eonHnttnicatioa fnm it to fk» condeneing veeeel by the pipe 
F) } at the SBnio.tinothe ateao flrom the boiler baa free accesa through 
the pipe A, andTalTe «into the small cylindem, above ita pistonily and 
exerts Its force upon it, and presses it downwards with as much force 
as in the tjsuaI manner. But as it is found, from experience, that a 
considerable quantity escapes past the piston : this piston is in part 
detained by the secondary piston and exerts its force on that part 
or annular section s 9 that is contained betwixt the cylinders m and 
l>, and aaaiats In forcing the whole downwards ; wliilc, at the same 
time, the steam which la lodged in this annnlar apace 9 s, and aronnd 
the cylinder D« prevents so great a qnaaUty from escaping past tbe 
first piston, as would otherwise be the case where there is no secon- 
dary piston, and the vacuum is much more complete below the first 
^ piston, consequently tliere is a greater power produced from a smaller 
quantity of steam than with a single piston. Durine^ the time of the 
]^8tou*8 descent the steam valve a is sliut, and the elubticity of the 
Steam within the cylindera carriea the pistons forward to near the 
bottom of these cylindera, when the yalves h and e are opened by 
the handles and plug-worh admitting the steam to pass from the 
upper sides of both pistons through the pipes B and £ to the con- 
densing vessel C, while the counter-weight at the other end of the 
beam, or this connected with a fly-wheel raises the pistons again, 
when the valves b and c are shut, and that of a opened by the phig- 
work, when the engine makes another stroke as before. The piston 
rod joins tbe working-beam In any of tbe naoal modes» add in 
other respects the engine is much the same as in oommon practloe.**' 
The same spedficattdn describes a most ingenious method of con" 
strnctin^ the furnace, by which the smoke viras partially consumed^ 
instead of being discharged as hitherto tlirotigh the chinm'ey. Messrs. 
Robertson have the credit of being the first who sutcecded in this 
project. Afker the adoption of this^plan several manutactnrci s had 
their works indicted as nuisances for not using the improvement, and 
thesSMho Inisommoded teany neigbon#hoods sO niQcb, thai feme 
rfkmafoetories wei<e obKged to bo stopped on' aeconnt of it. T^t 
invention, In-principle, consists in supplying the burning fuel more 
folly with air, having this fuel more in a body together, and a less 
quantity in combustion, at the same time, than what usually takes 
place in other furnaces, which are applied to the snmc uses ; in sup- 
plying tbe fuel with a portion of Iresh air, admitted irom an opening 
made for that purpose, and directed in such a iLiaiiner as it may come 
in contact with the smoke^ from the kindliqg coal and great heat of 
the fofnaco togoth^, and tho foel being more folly sopplied with aiiv 
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aod coafequently a greater digrae*of beat laking plaee« and the aflMlv ' 

and fresh air uniting in the great heat, the Bmoke ti inflamed, and 
rendered useful in adding to the heat of the furnace; besides, this 
portion of fresh air is so conducted as to act partly on the kindling 
or kindled fuel, and raising it to a greater degree of heat after it has 
served its purpose, by uniting with and inflaming the smoke; and 
therefore is employed, in some measure, usefully, even after the coal 
has ceaaed to amoke : seoondly* to the above may be added, the frame 
of the fnmace, which is so eonstmcted that the fnll-kia<Ued foel is 
kept backward in the furnace, while the fresh coal lies before, and is 
more gradually kindled than if introdaced further among the fall- 
kindled fuel, while the heat of the furnace is little injured or damped 
by the introdaction of fresh coal^ as is more felly described after- 
wards. 




" The coal is admitted into the furnace hj a hopper, fiseder, or 

month-piece A, made of cast iron, bnt whM^ may be made of 
other materials, and inclined to the horizon ; so that the coal in 
it may, in some measure, fall into the fire place above the bars, 
as the fuel is spent ; in the upper part of this hopper, feeder, 
or mouth-piece, is a plate a, placed at a small distance, or from 
about three-eighths to three-fourths of an inch from the upper 
tide of the hopper, betwixt which plato and tlie upper plate, or 
aide of the hopper, a stream of air rushes downward on the fire, 
at about half a right angle to the horiion, which stream of air assists 
in consuming the smoke, as before mentioned, and more fully de- 
scribed hereafter. B is a section of the bars, which are, in general, 
a little inclined to the horizon, as in the figure, that the fuel may 
more easily fall, or be pushed backwards in the furnace; at c is an 
opening above the bars, and below the lower end of tlie hopper, 
which is in general fitted with a grated door or doors, which open fbr 
the more convenient cleansing of the furnace, and the grated lorm of 
the doore. is also designed for adnrittiiig aw into the M, as iHi M 
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9.1 tbe bars, consequently the air is more concentrated in the middle 
of the burning fuel, produces a greater hesi than if admitted only 
betivist the bars ) tliis grated form of the doore is very ooave&ient for 
the admissioBof a poker or instrument for pushing backward the 
kindled fu(A, wlule the fresh coal, or that which is not so well kindled, 
fiills down to supply its place. In some others of these farnaces, the 
opeaing below the lower end of the hopper, and above the fore end 
of the bars, is left without doors at all ; at this opening it is con- 
Tenient, when the fire is mended, to push the cuai from the fore side 
backward, as mentioned above, or it may be pasl^ed backward with 
a hooked poker, P, by applying the hooaed part of it throiig|h the 
ftamace bars below by either of which means the kindled coals are 
pat backw ards, while the fresh coal, or that which is not so well 
kindled, falls down to supply their place; that h, tlie coals in the 
situation c, are pushed towards d, while those in the situation /fall 
doH ti to supply the place of those which were driven from c towards 

by such means the strength or heat of tiie hre is not much damped 
by the introduction of fresh coal, and the ooals which have fallea 
from ^towards e are not soiapidly kindled as if introduced above the 
barning fad; at the same time the smoke, which arises from these , 
newly-introdnced coals, passes partly through the full kindled coal 
and partly over, and in contact with the great licnt of the burning 
fuel, and, meeting at the same time with the cnncnt of fresh air 
coming downwards, and tending also to drive the smoke still nearer 
to the bright kindled fuel, docs, in general, completely inflame the 
smoke, and render it aseful in adding to the heat of the furnace. 

Another end obtained by the stream of fresh air, is to keep in 
some measare the great beat of the foroaoe from action so violently 
on that part of the hopper which is nearest it and mostly exposed to 
its heat, and liable to be damaged thereby, wliieh it does by the 
continual current of fresh cool air that is in contaet with those pnrts. 
The construction of the furnace may be much varied, but the chief 
improvements are, that the fuel in combustion is supplied with air 
by the foreside as well as by the barsj the hopper is placed in such a' 
sitnation that the kindled or nnkindled coal may in part fall to the 
foreside of the fomace above the bars, as the other fael is poshed 
backward in the fnmaoe, and the admission of fresh air to pass over 
the burning fuel by means of a definite space or <^piees , opening or 
openings, made for that purpose 3 so that this stream, current, or 
currents of air, partly come in contact with the bnri)ing fuel itself, 
forcing also the smoke with more immediate union with the burning 
fuel and great heat of the furnace. The success of the furnace de- 
pends also in a considerable degree upon what is called the draught 
of the fuinace ) that is, the diimney and floes are so constructed, mat 
a Sflfiicient current of air may pass through the fire to bring it to a 
proper degree of heat ; also, that the current of fresli air may have 
such force as to come pretty much in contact with the burning fuel, 
and to convey the smoke along with it through tiic hottest of the 
flame : if this is not the case, the smoke will not be so completely 
consumed in these furnaces. The hopper is allowed to be kept as 

o 
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fottof oodt M poMlble, aadelUierwlioUyoria pHTln^ aor 
as to prerent air as mnch as possible gettiog in by that passage; this 
must be attended to when the iurnace is in its ordinary working state r 
yet, sometiraes it is necessary to keep this opening of the hopper/ 
either wholly, or in part open , wben there is little heat wanted. 

The utility of this gchcrae was sutTiciently proved by the very 
general adoption which followed its publication. The combustion of 
smoke being now established as not only practicable^ but economical^ 
it beinga CMStj that all the ssMike discharged inm addnuiey isbot so 
aiiidi|Ood Mwliich wanted only theproperapplicatioaofiartOfeBder 
it n& cml . It is equally tne Uiat the fla me whidi is freqnently at tlie 
top of furnace chimneys has no existence bnt there ; while ascending 
the floe it is merely dense smolce, consisting^ of azote of the atmos- 
pheric air^ decomposed in passing through the fire; of hydrogen, 
coal-tar^ and carbonaceous matter, of such a high temperature that 
it only wants oxygen to make it inflame spontaneously : this it obtains 
flrasi the atmos^ieric air, into iMdd it asceibdsj and tikea praente 
sneh eppeanaees as would nake a bssty observer adojpt the opimon, 
that the flaoe bad ascended as flame Ikom the Inel ia fonieoe^ 
which is by no means the case. 

Messrs. Treyitbick and Vivian's High-Pressure Engine (patented 
1802) has been found the most compact, simple, and effective engine, 
perhaps, ever known. In au early part of this work reasons are givca 
for the superiority of high-pressure over condensing engines^ and we 
shall only now say that Messrs. Trevitldck and Vivian^i engine has« 
of all others on this principle, obtuned the highest repntation* 

" A ^ig. 1) xepreseats the boiler made of a round figure, to 
bear the eiq[>ansiTe action of strong steam. The boiler is fixed in a 
case^ D, luted inside ^vitli fire clay, the lower part of which eonsti- 
tutes the fire-place, B, and the upper cavity affords a space round 
the boiler, in which the flame Or heated vapour circulates till it comes 
to the cbimucy, £. The case, D, and the chimney are bxed upon a 
platform, F, the case being supported upon four less ; C represents 
the cylinder, inclosed for tiie most pari in the boiler, narbg its nozzle^ 
steam-pipe, and bottom, cast all u one piece, in order to resist the 
strong steam, and with the sockets in which the iron uprights of the 
external fmme are firmly fixed . G represents a cork for conducting 
the steam, as may be more clearly seen by observing Fig. 2, which is 
a plan of the top of the cylinder, h, Figs. 1 and 2, represents the 
passage from the boiler to the cock, G-, this passage haa a throttle 
yalye, or shut, adjustable by a handle, so as to wiredm^ tim steam, 
and snfler the supply to be quicker or slower. The pesition of the 
cock is SQch, that the communication from the boiler, thronsh ^ by 
a diannel in the cock, is made good to d, which denotes the upper 
space of the cylinder above the piston, at the same time that the steam 
pipe, (more fnlly represented in Fig: 1 ) is made to afford a passage 
from the lower space in the cylinder beneath the piston to the chan- 
nel, C, through which the steam may escape into the outer air, or be 
directed or applied to heating iltuds, or other nsefal purposes. U 
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will be obvious tbat^ if the cock be tiirned one quarter of a turn in 
either direction, it will make a communication from the boiler passage, 
6, to the lower part of the cylinder by or through a, at the same time 
that the passagCj from the upper part of the cylinder^ will com- " 
Mnlcrte widi C« Ibe passage for conveying off liie afeeam. PQ is 
a pistott-riMl n^viiigbetwaan gnidot, and diMw tho crank, RS'i bv 
means of the rod» Q the axis of which ciank cairiea the fly, T, 
and is the first mover to be applied to drive machinery at S. X Y 
is a double snail, which in its rotation passes down the small wheel 
and raises the weight, N, by a motion in the joint, M, of the 
lever, O from which downwards proceeds an arm, M L, and con- 




m 



jequently the extremity, L, is at the same time urged outwarcff?- 
This action draws the horizoutal bar, L I, and carries the lever or 
liandle, H I, which moTea Dpon the axis of the cock, G, through 
ODc fourth of a circle. It most be onderstood that H I u fore- 
shortened, (the extremity, I, being more remote hom the observer 
than the extremity, H,) and also there is a clack or ratehet wheel on 
the part, H, which gathers up during the time that L is passing ont- 
waids, and does not then move the cock, G, but that, when the part 
A, of the snail opposite O, that is to say, when tlie piston is about 
the top of its stroke, then the wheel, O, suddenly falls into the con- 
cavity of the snail j and the extremity of h, bvits return at once, 
poshes I H through the quarter circle, and carries with it the cock, G, 
and turns the steam upon the top of the piston, and dso affords a 
passage for the. ytcnm to escape from beneath the piston. Every 
stroke, u hether . ir down, produces this effect by the half turn of 
the snaii, and reverses the steam wa>'s, as before described ^ or the 
cock may be turned by various weii-known methods, snch as the 
plug with pins or damps striking on a lever iu the usual way, and 
the effect will be the same, whether the quarter tnniB be made back- 
ward or forward, or by a direct circolar motion, as is produced by 
the machinery here represented; but the wear of the code will be 
more uniform and regular if the turns be all made in the same way/* 
The same specification likewise describes a very simple and 
ingenious method of giving motion to the fly wheel, by making the 
piston-rod of an inflexible bar, and connecting it at once with the 
crank. The cylinder and boiler are allowed to vibrate on pivots, and 
thereby follow the revolving of the crank. The drawing here giveii 
represents also the outline of a machine for rolHng sugar canes> 
thereby showing at once the connection of the engbe with the ma* 
chinery of the inill 

The workiii-,^ cylinder, C,^ with its piston, steam pipe, nozzle 
and cock, are iriserted in the boiler, as here delineated. The 
piston rod^ drives the fly, upon the arbor of which is fixed a small 
wheel which drives a great whed upon the aads; the guides are 
rendered unnecessary in this application of the ateam engine, because 
the piston-rod is capable, by an horizontal vibratory motion of the 
whole engine upon its pivots, O, to adapt itself to ail the required 
positions, and while the lower portions of the chimney partakes of 
this vibratory motion, the upper tube, E F, is enabled to follow it by 
its play upou the two centres or pivots in the ring above. In such 
cases or constructions, as may render it more desirable to fix the 
boiier with its chimney and other apparatus, and to place the cylinder 
out of the boiler, the cylinder itself may be snspeiided for the same 
purpose upon trunnions or pivots in the same msinncr^ one or botb 
may be perforated, so as to admit the introduction and escape ef the 
steam or its condensation . And in such cases where it may be found . 
necessary, to allow of no vibratory motion of the boiler or cylinder, 
the same may be fixed, and guides be used. The manner in which 
the cock is turned is not represented in the two drawinejs, but every 
competOlt workman will, without difficulty, understand how the 
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stroke of pins duly placed in the circumference of the fly, and made 
■ to act upoa a cross fixed oa the axia of the cock, or otherwise, will 
pfodnce the aiOilioD. The iImi which escapes ia thiu eugiue is made 
to dicdate m the CMe toaod the bofler^ where it ptetenU the ex- 
ternal atmosphere from affecting the temperature of the bdaded 
water, and affords by its partial condensation a sopply for the boiler 
Itself, and is or may be afterwards directed to nscful purposes," 

This latter plan, namely, the vibrating cylinder, looks well in 
theory, but we fear in practice it would be found very imperfect. 
Reciprocation, m we have shown, is a great destroyer of power, and 
here the whole engine boiler, water, cvlinder^ fire srate, and ail the 
apparatne, are ooostantly mofing backwards and forwards, and all 
this, too, merely to <2urpeM0 with the gmde wM and emteetiw rod. 

Messrs. Trevlthick and Vivian propose in the same sped&atioB 
to nse their engine for the purpose of traveHing on the common road. 
The carriage resembles in form the common stage coach j an iron 
frame, containing the boiler and cylinder, is placed behind the car- 
riage) the cylinder is likewise horizontal. .Our readers will readily 
see the applicatai of the nreeeding apparatos to the wheels by a 
cranhed axle. On both endi of the axle cog wheds are fixed^ by 
which means, when the axle is made to levolre, it oommunlcates its 
motion to the hinder and larger wheels of the carriage. The machine 
has a fly wheel, to preserve the regularity of the motion : means are 
also provided for throwing any of the wheels out of gear, by which a 
turn can be made without difficulty. 

It appears that, in the ^ear 1804, Mr. Trevithick had an oppor- 
tanity of proving the otihty of hie Locomotive Engine npon the 
MertliyrfydTilKaU-roBd,8oiith Wales, The engine had a cylinder 
of 8 indies diameter, and a stroke of 4 11. 6 in. in length, and drew 
after it upon the rail-road as many carriages as carried ten tons of 
bar iron, from a distance of nine miles, which it performed without 
l|ny supply of water to that contained in the boiler at the time of 
setting out ; travelling at the rate of five miles an liour. 

Mr. Matthew Murray, of Leeds, obtained a patent for a Portable 
Engine, in 1808, which displays ttneh novelty and ituennily* 

" figs. 1 nod 9 represent front and side views ol f£e combinntion 
of parte of this engine. A the steam cylinder; B the piston rod; 
C €, connecting-roas, for connecting the piston rod to the pin in the 
wheel D 3 £ a wheel, fixed to the side of the cistern. Till, with the 
teeth inwards, to admit the teeth of the wheel, D , for the purpose of 
giving a parallel dircctioa to the rods, CCj Fa plain wheel, upon 
the %-wheel shaft, the wheel, F, is furnished with a double 
coetesl centre for the whed, D, to ran npon $ 1 1 1 1 is a dstem or 
frame of jdates, on and in which the whole combination of materials 
constitoting this engbe is fixed; K K two wheels, one upon the fly* 
wheel shaft, 6, the other upon the crank shaft, L ; these wheels and 
crank are for the purpose of working the lever, R, in Fig. 2, which 
lever gives immediate motion to the air-pump, P, and the cold and 
hot water pump; T is an iron bar for supporting the Bliaft) M is a 
slide valve for opening and shutting the communication of the steam 
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plpe8> mailred N NN, and is described in Figs. 3^ 4, 5, 6, and 7; a 
motion for the slide Tidve is taken from the crank shaft, L, by levers, 
or otherwise, as the nature of the valve ma^ reqnire. The parts so 
combined form a perfect engine, withoot reqoiruig any fixture of Mrood, 
«r any iHliir 1m of framing thn the gfOM ft fluids upon, wUdi 
litnaiteablawithaatlieiBgtakeiib piecas, (the molioB of tlw fly- 
wheel shaft ghring circular power to any process or maDviMtory 
ivqairiog circular motion,) or irrigating land, or for the varions pur- 
poses of agriculture. Figs. 3, 4, 5, 6 and 7, represent various forms 
of the new slide-valve in its application to the steam-engine ; the 
principle of which consists in moving in a circle part of a circle or 
ttraigbt line, by means of flat surfaces or faces (or nearly so) sliding 
or moving uplm* each <jther« §or tht purpose <xf mutiBg the aeeesetfy 
imtM e a in the iteam pipes or cyliDdera. Fig.S is a ?ieir of m at" 
eolar flat alidbg valve; the* dotted lines show the avenies to the 
ateam pipes, a 1 is a (Vgure representing the upper or moreable . 
part of the slide valve. Fig. 3, where the conducting or uniting cells 
are formed : there is a circular spring for compressing a 1 to the face 
of the slide valve in Fig. 3, so as to render tbem perfectly steam and 
air tight, which perfectioa they will uaturally acquire by constantly 
nibbing upon cam othsr. Fwa. 4> 5, 6 and 7, shoar kmt^wMmA 
the aliSe valte^ for worloBg donUie or abgle powers. 4i8« « 8, a 4^ 
and a5« eoatain the eeUa for cooducting to the different apertures 
•teaai waya* Any forther description is unnecessary, as the drawiage 
will convey to any one the principles of these inventions.*** 

This ingenious apparatus, though possessing much merit, in- 
fringed, it appears, on the patent right of Messrs. Boulton and Watt, 
and the patent was, therefore, repealed in 1803. An engine on this 
plan has been at wwfc many yeara at St. Peter's Qoay^ on the rircr 
Tjmt, and ia found to aaawer anoommonW well. 

Ifr. WoolTs very eicdlent and ingenious boiler (patented IflOS) 
cornea next ander our notice. The great utility of this i^paratos 
indnces us to rife the apecitotion^ together with Mr. Wootfa own 
remarks in fall. 

" Mr. Woolfs improved apparatus consists, first, of two or more 
cylindrical vessels properly connected toKether, and so disposed as to 
constitute a strong and fit receptacle for water, or any other fluid 
Intended to be eonverted into ateam, whether at the naaal heati, or 
at tcmperatorea mid nnder presanves nneoamionly high; and alao to 
preaent an extenaiYe 'portion of convex surface to the current of flame 
or heated air or vapour from a fire. Secondly, of other cylindrical 
receptacles placed above these cylinders, and properly connected 
with tbem, for the purpose of containing water and steam, and for 
the reception, transmission, and useful application of the steam gene- 
rated from the heated water or other fluid. And, Thirdly, of a furnace 
io adapted to the cylindrieal parts jnet mentioned, aa to came the 
greater part of the anrfroe of all and eadi of them, or aa mnch of the 
aaid iortace as may be convenient or deaiiaUe, to reodve the direct 
action of the fire, or Ikeated air and faponr. 
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One of his boilers^ in its moBt duple fornix consists of ei|^t 

tubes^ made of cast-iron or any other fit metal^ which are each con- 
nected with a cylinder placed above them. The fael rests on the 
bars, and the flame, heated air, and vapour, being reverberated from 
the part above the two first smaller cylinders, goes under the third, 
over the fourth^ under the fifth, over the sixth, under the seventh^ 
mrtly o?er and parUy under the eighth smill cyHndric tnbe. When 
n has nMU^jd^m end of the Aumace it is carried to the other side of 
the wail, $^nnder and in the direction of the main c]f)inder, and 
then retoms, under the seventh smaller cylinder^ over tlie sixths 
■nder the fifth, over the fourth, under the third, over the second, 
and partly over, and partly under the first j when it passes into the 
chimney. The wall before mentioned which divides the furnace longi- 
tudinallyj answers the doable purpose of length cuing the course which 
the flame and heated air ha?e to traverse, giving off heat to the bdtor 
ib iheir passage^ aond of securing from being destroyed by the fire the 
flan|fes or other joinings employed to unite the smaller tabes to the 
^ mai|i_ cylinder. The ends of the smaller cylindric tobes rest on the 
brick work which forms the sides of the furnace, and one end of each 
of them is furnished with a cover, secured in its place by screws or 
., any other adequate means, but which can be taken oflf at pleasure, 
. to allow the tubes to be freed from time to time from any incrnstation 
'^^smneot which maybe depodted in them. To any convenient 
. ' part of the main cylinder a tube Is affixed^ to convey the steam to the 
steak engine, or to aay vessel intended to be hoited by means of 
slekm. ' 

" When very high temperatures are not to be employed, the 
kind of boiler just described is found to answer very well; but where 
the utmost force of the fire is desirable, Mr. Woolf, for a reason 
which shall be afterwards mentioned, combines the parts in a manner 
somewhat different, though the same in*principle. 

**■ In, Fig. 2, A is the mdn cylinder crossbg the smafier cyfindcft 
a o 0, half way between their middles and endSj bnt not jolnra to any 
of them excepting the middle one at the points at which it crosses them. 
It is put in this place that it may come over that part of the furnace, 
S S S, Fi^. 1, through which the flame first passes, and receives its 
direct action, which it does over nearly a half of its surface, as may 
be seen b^ looking at the vertical section, ASS, Fig. 1. The 
smaller cylinders have a communication with the main cylinder in the 
following manner :— Three cylinders, COC> are placed parallel to 
tb^ main cylinder. A, over thie part of the inmace by wludi Hie flame 
retnrns, in such a manner that eadi of the cylinders, C C C, tabss in 
three of the smaller cylinders, a a a, being united to and connected 
with them. The cylinders, C C C, have a direct communication with 
the main cylinder. A, by the pipes or tubes, P P P, as may be better 
seen by the cross vertical section. Fig. 1. The three tubes, C C C, 
are preferred to one long tube, to prevent any derangement taking 
piece in the ihniace or in the tobes, by the enModoii or contraction 
occasioned by dNUM^ <h temperatnfo, 
in oiie tobe 01 the w£i^ length of the Ainim 
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three portions 5 and it is for the same reason that the tube AM not 
oiade to oommmiiciite directly with' the emaUer tabfls^ a am, b«tf 
mediately by meaae of tbe tobei narked C and P.—N, B. The two 

ontermost of the tubes marked instead <if going parallel to thib 
middle tube^ P, may be both inclined tovrards it^ so as to join the 
cylinder A near the middle ; or any other direction jnay be given to 
tiiem> to present derangement by expansion. 

The tabes C and a are kept from separating by bolts from the 
Inside of a passing through the top of C, where they are secured by 
nnts flcreived on to them, {see Fig. S) j and tiieae parts of C are so 
oontrivedf that bytakfaig off any oftbonnle a cover may be removed^ 
and a hole pfOMnted large enough to admit a man^s hand into C to 
dean it out. 

" Fig. 3 18 a longitudinal vertical section of the furnace, throngh 
the centre, showing the course which the flame and heated air are 
forced to take. The first three small cylinders are completely sur- 
rounded with flame^ being directly over the fire: the flame is stopped 
by the brick- work, W, over Uie fifth, and filroed to pees under it, and 
then oyer teaiartli»ivheio it again meets irith an liMhiptfoa^whidi 
forces it to go under the seventh, and over the eighth; it AiBiitonia 
lonnd the end of the longitodlnal wall which divides the furnace, and 
passes over the eighth smaller cylinder, under the seventh, and so 
on, alternately, over and under the other tubes, till it reaches tlio 
chimney. The wall that divides the furnace may be seen in Fig. 9. 

" To secure a free communication between the different parts of 
the boiler, the three tubes of the middle cylinder, C, are connected 
fvith those of the two exterior 6*s hy two pipes, a o. The other ends 
of tlie tobM> a « a, are each fitted with a oover properly secared.aad 
iMltod, hot which can be taken off occasionally to clean out the b(Hler. 

" In working witli such boilers the water carried ^ by Of^HH 
cation is replaced by water forced in by the nsnal means ; and the 
steam generated is carried to the place intended by ipeans of tubes 
connected with the upper part of the cylinder A. 

" It may not be improper," says Mr. Woolf, " to call the attention 
of iho^a who may hereafter wish to construct snch apparatus to one 
cirenmstance, namely, that |n every case the tobos composing the 
beiler 9haM be so oomblned and arranged^ and tlie tenaeo so oon* 
«tnic^> as to make the fire, the 6ame and heated air» to act around, 
over^ and among the tubes, embracing the largest possible quantity of 
their surface. It must be obvious to any one that the tubes may be 
made of any kind of metal j but 1 prefer cast-iron as the most con- 
venient. The ai25e of the tubes may be varied : but in every case care 
should be taken not to make their diameter too great; and it must 
be remembered that the larger the diameter of any single tnbe in snch 
11 boiler the stronger Hmnst be made in propcition, to enableit to 
bear ike same eipanslvo force as the smaller cylinders. It is not 
csticntial, however, to my invention that the tabes should be of 
different sizes j but I prefer that the upper cylinders, especially the 
one which I call the main cylinder, should be larger than the lower 
ones, it being the reservoir^ as it were^ into which the lower ones 
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send the steam , to be thence conveyed away by the steam pipe or 
pipcH. The following general direction may be given respecting the 

anaatity of water t6 be kept in a boiler b my coaetracCioa : it ougbt 
ways to fill vot only tkt lower tabes bat tlw main eyltnder. A, and 

the cylinder, to aboot half thdr diameter, that is, as high as the 
fire is allowed to reach, and in no case ooght it to be allowed to get 
80 low as not to keep full the necks or branches which join the smaller 
cylinders, marked vrilh the letter a, to tlic cylinders A or C ; for the 
fire is oaly bcneikially employed when applied, tlirougU lUe aiediuni 
of the interposed metal, to water, to convert it into steam : that is, 
the purpose of my boifef woold^ in some mcasore, bo defestedj if any 
of tne parts of tbe tabes oiposed to the direct action of the fire sboolo 
present in their interior a sariaceof steam instead of water, to receive 
the tnmudlteAbeat which most^more or less, be the case if the k>wer 
tabes, and even a part of the npper, be not kept filled witlj the liquid. 

*' As to the construction of the furnaces, though that must be 
obvious from the drawings, it may not be improper liere to remark, 
that they should always be so buiU as to give a long and waving 
coarse to the flame and heated air,, or vapour, forcing them the more 
eflbctaally to strilce against tbe sides of the tobes which compose tbe 
bsBer, and so to give out a Uoie portion of their heat before they 
ioach tbe chimney : unless tliis be attended to, thero wiU be a much 
greater waste of fuel than necessary) and tlie heat, communicated to 
the contents of the Imiler, will be less from a pivcn qnantity of fuel, 

" My invention is not only applicable to all tbe uses to \vhit h the 
boilers iu common use are generally applied, but to nil of them witk 
much better effects than tbe latter, and can, besidesi,. be applied t» 
purposes in wbich bmlers, constmeted as tbey have Utimrto been» 
woud be of little or no nse.^ The morkii^ of kinds- of steam 
engines is one important application of my mrention ; for the steam 
may be raised, in a boiler constructed in the manner before described^ 
to snch a temperature, and conseqnently to such an expansive force, 
as to work an engine even without condensing the steam, by simply 
allou ing it to escape into the atmosphere after it has done its office, 
as proposed by Mr. James Watt, in the specification of bis patent, 
dated January 5^ 1769, whence, he says, engines may l>e worked by 
the force of steam only, by discharging the steam into tbe open air« 
• In all cases where it is desirable to heat or boil water^ or other fluido 
and sabstances, without the direct applicatioa of fire to the vessel or 
vessels containing them, which in suchcases become secondary boilerSj 
the use of my apparatus will produce superior to any obtained by any 
other means, no more being necessary than to make the vessels, or 
secondary boiler, containing the water or other fluids, and the sub- 
stances immersed or dissolved in, or blended or mixed with the water * 
or other flaids, to commnoicate by means of a tnbe or tabes> with the 
piime boiler, constmeted in the manner before described* In such 
cases as in maldog extracts of every kind for the varioos purposes of 
arts and manufactures, and for the simple boiUmj; of water or watery 
fluids, the steam fjhould go directly into the vesselor secondary boiler, 
whose contents are to be heat^ oc boiled | and the orihcc os orificea 
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•f the pi^ or pipei tlirough wbich tl« tUmm U cwveycd t^gsM go 
to a oonsideiable depth In the fluid, that the steam any be better 
able to giYe off its heat, and be condensed before it can reach the 
surface; and in every such case an allowance should be made for the 
increase which will be made to the quantity of liquid in the vessel to- 
be heated, by the quantity of steam which will be condensed in the 
fiaioe before the proceaa be ended. The vessels into which the steam 

it tbrown nay be dftber opener cioie» at aeiwre of drcnaMtncat 
my requires Imtirliere extracts nieto Iw made. from. vwetable.or 

other matters from which extracts are or may be made, as from iiopoii 
bark^ dnigs^ and dry stuffs, for brewing, taiiaiog, dyeing, and other 
processes, the materials uil! be much more completely exhausted of 
all their valuable parts; and in many instances they will be completely ^ 
dissolved by employing close vessels, which in that case must be made 
very strong, a thing not di&cult to be accomplished, when it is re- 
ccdueted that they may be at a distance from, and oonseqiiently out 
of the power el. omiw deranged by the fire 3 and timt they may be 
esmunded with, and, ns it were, beried in massy stone or brich 
worir, in addition to other and obvious means of eecaring them. My 
apparatus so employed becomes, in fact, an improved Papin's digester 
on a large scale. I do not wish to be understood as claiming the 
merit of having been the first who applied steam in the manner just 
described to boil water and other fluids, but merely as pointing out 
an important use to which my apparatus is applicable, and in which 
the effect obtained ndU be mach greater than by any otlur means. 

Another important nse to wbidi my invention can be applied 
with bettes effect than the means now in use, is that of distillation 
on the large scale, and that by either sendiog the steam directly into 
and among the contents of the still or alembic, or by enclosing the 
still in another vessel, and making the steam of a high temperature 
to circulate in and to occupy the space between the exterior surface 
of the still and the interior surface of the containing vessel. In 
either case all danger of homing or singing the matermis operated 
npon is dene away, and a much mote pleasant and pure spirit will be ' 
obtained than by the Biethods now in common nse. I need not stop 
here to show the reason why, even in the case of throwing the steam 
directly into the still, the spiritooas part will be the first to rise and 
pass over into the receiver. 

" I might mention many other nsefal applications that may be 
made of my invention; but I shall only state one more, namely, to 
the drying of gunpowder^ and lessening the danger of explosions in 
the .manofiictare of that artide. By means of my invention any 
desired temperatnre, necessary for that purpose, may be prodtfoed 
where the powder is to t)e dried, without the necessity of having firv 
in, or 80 near the place, as to endanger its safety; for by employing 
steam only, conveyed through pipes and properly applied and directed 
without allowing any of it to escape into the room or apartment 
where the powder is, any competent workman can produce a heat 
equal to that found necessary for drying gunpowder, or mucii higher 
if required. Nor is the lessening of the danger of explosions the 
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only advantage which this way of drying gnnpowder holds ont, it 
presents another and an essential one for the goodness of the article, 
tbe faertM be completely regelated, »0 as to pre?ent« or at least 
lenen^ tike partial deoompositimi of tbe powder the fablHiHilleii of 
the Bolbbar, wbicb'is feuid td take place bf the melliods at praseBl 
hiQse. 

We have had Ireqnefkt opportunities of inspecting this excellent 
apparatus^ and can^ therefore, speak with confidence of its utility. 
One engine of Mr. Woolfs is now used with such a boiler to drive a 
saw mill, by Mr. Smart, of Lambeth Marsh, and is principally kept 
going by the sawnlast from the mill. Two safety valves are generally 
iiied> the plan of wbicfa it ingeniooB. 




Ais^partof tiie nidn cyfinder of opie^tf Mr. Woolf *8 boOera } 
3 B tbe neck o^ outlet for the steam snrmoonted by the steam bon 
.C». vrbicb is joined to the neck B B by the flanges A A. The top 
or cover of the steam box C, marked with the letter D, which is 
weU S^pred in its place^ has a hole through it for the rod of the 
valve, so contrived as to answer the purpose of a stuffing box to 
make tbe rod work up and down steam tight, the stuffing being kept 
in its place by the usual means, as shewn in the section. By meant 
of a pin or nail and the two yei;tical pieces e e, tbe pistoft rod A 
made ^t tp m, whidi is a oover of and iomed to the hoBoir cylhiM 
• I^.ooyef fli fits steam tight into me collar o o, winch is made 
fiwt to tiie flanges 0 a. Tbe eylinder « 11 is open at tbe bottom* 
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liaving a free comnmiucation with thenudn cylinder A, and has tluee 
vertical slitSj one of which j Is shewn is the diagram. The sum 
of the stirfiaoe of all these slits or openings is equal to the area of the 
opening of the collar o o, in which the cylinders n n works. When 
the steam acquires a sufficient degree of elastic force to raise the valve 
(that is, the cylinder n n with its cover «, and the rod R,) and 
whatever wd^ht it may be loaded with> then the openings getting 
above the ateaoi tight ooUar o e, diowa the ateam to pass into die 
ateam box C. The quantity of steam that passes Is proportioned to 
the elastic force it has acquired, and the weight with which the valve 
is loaded ; and the Hse of the openings S above the collar o o, will 
be in the same proportion. This valve may be loaded in any of the 
usual methods j but Mr. Woolf prefers the one shewn in the drawing, 
in which the uppet part of the rod R is joined by means of a chain to 
a quadrant of a circle Q witii an arm projecting from it, as repie- 
aoDted in the plate, and Which carries a wcigfat Z, that nuy be moved 
near to or farther from the centre of tiie quadrant^ aocordiag as the 
pressure of tlie valve is wished to be increased or diminished. As 
the valve rises, the weight moves upwards in the arch • n, giving 
an increased resistance to the farther rising^ of the valve , proportioned 
to the greater liorizontal distance from the centre of Q, which the 
weight attains by its aide in the said arch, the said distance being 
measnred in the line O P passing through the centre of the weight. 
Thus^ if the weight Z press with a force equal to twenty pounds on 
the square inch of the apertore in O O in its jpfresent position, it 
will, when it rises to the position i, press with a force eqoal to 
ddrty pounds, and at P, with a force equal to fortjr pounds on tiie 
sqnare inch, so that the rod Q Z may be made to serve at the same 
time as an index to the person who attends the fire, nothing more 
being necessary for this purpose than to graduate the arch described 
by the end of the rod Q Z. In the side of the steam box G there is 
an opening N to allow the steam to pass from it by a pipe or tube to 
the steui engine, or to^any secondary boiler^ or'for the purpose of 
conveying and applying it to any other vessel or use to wnich steam 
is ajp^plicable. 

Honiblower*s second Rptative fini^'differs materially from Ids 

^Mmer one, it consists of 

*' A vessel in which the steam operates, made of cast-iron, ex- 
tremely resembling a globe, flatted at the poles, (see Fig. 1) which 
shows one of its sides, the other being similar to it. Fig. 3 is a 
feprescntation of llienarti ef the machine which move rooim within 
the steam vessel, and Fig. S r^reseats the mterior of Fig. 1, with 
its lid removed . The pipe A, at Fig. 1, receives the steam from the 
boiler, to which is connected a valve box, of any usual construction, 
by which to regulate the admission of steam. At B the cdoction pipe 
is connected^ leading: from the upper apartment to the condensing 
apparatus, and turning in such a direction as may be most €X}nvenient 
for the discharging pump to be wrought by means of an arbor, turned 
tiy.the axle of the machine $ on which arbor is a small fly wheel, for 
the purpose of regulating the meqnilitj of the craiilc to which the 
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fnmp rod is attached. D D ift a middle part of the steam vessel^ 
furoislied with flanges for the purpose of screwing it to E E, and 
«lso for receiving the lid ; by which means the partition within is 
secured to its place, in the middle of the machine, and the lid may 
easily be removed for the purpose of rectilyiug and repairing the 
internal structure. G i& tlie square part of one i^d of the axis of 
the macbine, ov/er which is placed a gland divided ioto parts, in 
Qfder that it may be put on over the sqaare, . ^ properly embrace 
.4be ^nad part of the axis. Within this gland is a stuffing-box for 
the purpose of keeping the axle both air and steam tight. In one 
side of the lower apartment of the st^am vessel is a small opening, 
sejcnrod by a lid, for the purpose of cleaning that part of the machine. 

Fig. 2 represents the p^irtition ^\ ithin the steam vessel, which mav 
4w made either of braids or irou, or of both those metals combined. 
B B Is the lower flange, the upper part being tsken away. C C are 
the two opcniags or passages for the vanes : these the inventor calls 
vane-ports, and to obtain a proper idea of their figure, it most be 
observed that the largest vane-port is formed by the exterior portions 
of two cones z, and at y, by a portion of the concave part of a 
sphere. The extent of this passage throughout must at least be equal 
io ninety degrees of a circle, and the vanes of a sufficient width, so 
i)^ two of them may always make their entrance into the vane ports 
.•before the other two make their exit. The edge, c c, may, thereiFore> 
be supposed todesoead into the lower apartment one bal/ of their 
4spth, and to rise the other half to meet the eye j bat it is not neces- 
sary tliat s be so deep all the way as y, but converge towards 
tiie centre of the macbirtc. This is the asccncHng vane port; the 
descending one is included between D which are rabbets or 
t>eatings for receiving a packing i and a' represieuts arising edge, 
SO as .toiobtaid a depth at least e(|u^ to the thicfcpiess of the vanes ; 
.<efie.half of wbich edging is bebw, ond the other half above the main 
axitf. These edges reosive two met^ plates>. fixed do u d with jtcrews 
on them, for the purpose of confining the packing. T)|e part £ is 
also formed spherically, and is provided with a packing groove, which 
meets the edge of metal in the middle of the vanes, A, Fig. 3. FF 
is the main axle of the macliiae, laid in its place without the vanes j 
one end of wbicit is to j)erform the work required, and the other is 
sp^ed to the discharging pump. At J> D the packing extends to 
w W« so as to esi|»ii€e the aave. as we& ju the d^^ding vaae« by 
tmkkk mem.botiiithe:Bave and the vanes move steam tight ia thow 
^evolntions. oooo is that part of the pMrtition which forms a plane 

■ Htlhe axis of the globe, and is secured in its place by being seated 
IB a rabbet with the usual jointing materials on the interior margin 
of the steam vessel. G G are two brasses let down into the partition, 
<md they are raised or depressed by screws asadj^^tment may require. 

• ri^t I spaces are 4eft : l^r pfu:Vii!g roiind the.^xlej j^d the upper 

ulniHes.wliii^ bofp^ down th» «^ s^ye also tojtefp it iii its pl^ 
At H H isre thie stofBng boi(9S iHMntipoed in FSg. 1; thev have a 

. dIrisioRpktejif metal. Ml them, so that s t being sopi^ied with sleam 
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from the valve box, the packing of each nide of these vacoities are 
rendered air-tigbt. The uiauoer in which the partition stid vane 
ports M coMlnicted, is by rivstting tie two parts vvpv, together, 
by meant of flso^ at I I/iifst lUiviog momited them on an axis, to 
Oomd, by tarning, (either by hand or otherwise) the want of 
smoothness and troth from the casting^; and when this is done the 
main axfc is fixed to its place as a guide by which to set np the four 
vanes, as at Fi^. 3, where, by a mere inspection, it is phitn how this 
is performed. The open vane exhibits a fr^ame of metal, which • 
receives a plate, on each side : these plates, with the edge of^ metal, 
K, cast with the frame, form grooves wid racaities to receiTe the - 
padrffig. The nave being hollow receives two iron axles, which are 
curved in Che middle, and there cross each cftber. 

Tlte manner in wfiicb thcv receive the vanes is shown hy the 
Agure; also how the packing renders them steam tight on the spherical 
part of the nave, and that when one of tUem is moved, its opposite 
vao« on ti)c same axle must also be moved. The main axle is turned 
fme l»y rivetting the two parts together at the Qave, and re-ri?€tting 
them after the cross axles are set in their places. ' Ail the leTOt*! 
psrts of the machine being then put in then- respective sitmiti»DS, it 
u very evident that when steam is admitted rnto the lower apartment 
the rising vane, wluch occupies the largest passage, must overpower 
the other in its descent ; and tliat, if by any means one of the vanes 
be torned a quarter of a revolQtion, it mast at the rame time carry 
with it the one which is connected on the opposite &tde of the Dave> 

' and this toralBg is effected bj fixing with screws a blodt of wood, on 
the partition atK, in the wm of a strong brsdoet TUrbloclK 
will not permit tho ascending vane to pass it withont being turned 

' on its edge, by which means the one below is torned at the same 
time, to present its broad surface to the large vane port. Ft may be 
necessary to remark that when the machine is to be set at^ work, the 
steam is not admitted into the opper apartment of the vessn, to 
exclude the air, but enters immediately from the valve box to the 
ednctibn or disdiarging pipe, in order to preserve the grease wKch 
is made ose'of to Inbmate the internal mofeable mechanism of -tiin. ■ 
engine. 

We cannot express our opinion on this ingetdoos mariuao better 
than Dr. Gre^ry, who thus remarks :— 

" Is there not some ground for fear that in this contrivance, 
besides the force lost by the action of the steam upon the edges of 
the vanes, there will be considerable loss arising from the greater 
fridion attei^ng its operations than those of a common steam engine^ , 
In this steam wGed tliere win be a great quantity of rovgb snrlhce 
(that of the stolBng) exposed to frequent contact, and consequent 
resistance to the moving from the fixed parts ; besides, as the stuffed 
parts are here great extent with regard to the magnitude of the 
n^chinery, md exhibit rapid variations of shape, they may when 
brought into constant work, be fonnd difficult to keep in order."* 



* Oiegory's Mechanic^ Art, Steam Eaginek 
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tfr. R. Wilcox, of Brittol, abtaimid apelciilia 180* ht iMMdsf 
He centniDption of irnH, by vsiaf tteem of grerter elealicity thui ooa- 
iBoa : beproposed in toine instanoei to nlie faii itaamto the preMM 

ef 150 pounds on the square inch. 

Mr. Woolf's steam eni^ine is aJso a most ingenious application of 
a property which steam possesses: the improvcmefi t is founded on a 
very important discovery which he made respecting the expansibility 
of steam wiien increased in temperature bevond the boiling point, or 
of Fahrenhelt'e thermometer. It had been known for eome Hm» 
(and forthU ^acovery the world is indebted to Mr. Watt>) that tteaa 
ncting with the expansive force of fonr poonds the aqoare inch against 
Ji safety valve exposed to the atmosphere, is cnpable of expanding 
itself to four times the volume it then occnpies, and still to be equal 
to the pressure of the atmosphere • Mr. AVoolf discovered that, in 
like manner, steam of the force o£ hve pounds the square inch can 
expand itself to five times its Tolnme} that masses or qnantities of 
steam of the lilce expansive force of ^x, seven, ei|[ht, nioOj or ten 
poonds the square inch can expand to six, seven, eight, nine, or ten 
times their volnme, and still be respectively equal to the atmosphere, 
or cnp^He of producing a sufficient action against the piston of » 
steam engine to cause the same to rise in the old engine with a 
counterpoise of Ncucomcn, or to be carried into the vacuous part of 
the cylinder iu the eiigincs of Messrs. Boultou and \V att> tiitU this 
ratio IS progressive, and nearh- (if not entirely) uniform, so that 
•jleam of the expansive force of 80, 30, 40, or 50 pounds tin sqpare 
inch of a common safety valve will expand itself to 20, 30, 40, or ftO 
times fts volume; and that, generally, as to all the intermediate or 
higher degrees of elastic force, the number of- times which steam of 
a given temperature can expand itself is nearly the same as the 
number of pounds it is able to sustain on a square inch exposed ta 
the common atmospheric pressure ; provided always that the space, 
place, or vessel, in which it is allowed to expend itself, iie.of4hnsMM 
temperature as that of the steam before it be allowed room to expand. 
, Respecyng the different degrees of tempemtnre required to Driog. 
steam to, and maintain it at, different expansive forces above the 
wciglxt of atmosphere, Mr. Woolf found, by actual experiment, setting 
out from the foiling poiiit of water, viz, ^l'2°. at which degree steam, 
of water is only equal to the pressure of the atmosphere; that in 
order to give it an increased emstie force eqxpal to five pounds the 
square inch, the temperature must be raised to above S32j', when it 
will have acquired a powi^r to expand itself to five times its vc^ttme, 
still equal to the atmospbera, , and capable of being afiplied as snck- 
in the working of steam engines, according to the invention ; and 
with regard to various other pressures, temperatures, aud expansive 
forces of steam, the sam^ are shown in the following table:—- 
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and no in like manner, by small additions of temperature, au expan- 
sive power may be given to steam to enable it to expand to 50« 60, 
70, 80, 90, 100, 200« 300^ or ttore tiroes Its Tolmne^ witboat any 
Umitation but what is imposed by the fras^Ue natnre of every ma* 
terial of which boilers and other parts of steam engines have been or 
can be inaf?e: and prudence dictates that the expansive force should 
never be curried to the utmost the materials can bear, but rather to 
be kept considerably within that limit. 

Having thus briefly explained the nature of Mr. Woolt 's discovery', 
we shall proceed to give a description of his improvements grounded 
thereon. Mr. Woou III his specification states^ — that to describi ng 
Ids invention, he has found it necessary to mention the entire steam 
engine and its parts, to which, as an invention well known, he nei- 
ther can nor does assert nny exrlusivc claim : he observes, however, 
that from the nature of the aforesaid discovery and its application, 
there can be no difficulty in distinguishing his said improvements 
from the improved engine of Mr. Watt as to iia other common and 
wdl-knowtt parts; and then gives the foUowing accoonl of an engine, 
embraciog his new impovements. 

If the encine be constmcted originally with the intention of 
adopting my said improvement, it ought to have two steam vessels 
of (lifTercnt dimensions, accordinc^ to the temperature or the expansive 
force dLtei mined to be communicated to the steam made use of in 
working the engine ; for the smaller steam vessel or cylinder must 
be a measure for the larger. For example ; if steam of forty pounds 
the square inch is fixed on, then the smaller steam vessel uionkl be 
at least one fortieth part the oootetots of the laiger one $ each steam 
vessel should be fnroished with a piston, and the smaller cylinder 
should have a communication both at its top and bottom (top and 
and bottom employed here as relative terms, for the cylinders merely 
may be worked in a horizontal, or an^ other required position, as 
well as vertical) ; the small cylinder, 1 say, should have a communi- 
cation, both at its top and bottom, with the boiler which supplies the 
etewDf wbicli commnnicatiotis, by means of cocks or valves of any 
constrnctloii adifted to the nse, are to be alternately opened and 
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shot daring the irorMii^ of the engine. Tfce top of IIm BbiH cyfiiu 
should ha?e ft cofluntiiiicattoii tnth the bottom of the larger eyunder, 
and the bottom of the smaller one wmSk the top of the larger^ with 

proper means to open and sliiit these alternately by cocks, valves, 
or any other well known contrivance. And both the top and bottom 
of the hifgrr rylinder or stenm vessel should, while the engine is at 
work^ comuiuuicate alternately with a coudeusiug vessel^ into which 
a jet of irttter is tidmlttcd to harten the oondeaMti^ui,. or the coii« 
denting vessel mny be cooled by ray other neras calculated to 
produce that eSeot. Things bemg thus arran^d, when the engine 
18 at work, steam of high temperature is admitted from the boiler to 
act by its elastic force on one side of the smaller piston, while the 
steam which had last moved it has a commnnication with the larger 
steam vessel or cylinder, where it follows the larger piston, now 
moving towards that end of its cylinder which is open to the con* 
densiiig vessel. Let both pistons end thdr stroke at one time, and 
let vs now suppose them both at the top of their respective cylinders, 
teady to descend i then the steam of forty pounds the square inch 
entering above the smaller piston, will carry it downwards, while the 
steam below it, instead of being allowed to escape into the atmosphere 
c»r applied to any other purpose, will pass Into the larger cylinder 
above its piston, whicii will take its downward stroke at the same 
time tliat the piston of the smaller cylinder is doins the same thing j 
and while this goes on, tiie steam wMch last filled the larger cyUoder, 
in the upward stroke of the engine, will be passing into the condenser 
daring the downward stroke. When the pistons in the smaller and 
larger cylinder have thns been mjideto descend to the bottom of their 
respective cylinders, then the steaiu from the boiler is to be shut off 
from the top and admitted to the bottom of the smaller cylinder, and 
the communication between the bottom Of the smaller and the top of 
the larger cyUnder is also to be cat off, and the comnranicatbii be- 
tween the top of the smaller rad bottom of the larger cylinder i the 
steam, which in the downward stroke of the engine filled the larger 
cylinder, being now opened to the condenser, ami the communication 
between the bottom of the larger and the condenser shut off ; and so 
on alternately^ admitting the steam to tlic different sides of the smaller 
piston , while the steam last admitted into the smaller cylinder, passes 
alternately to tiie diflercnt sides of the larger piston ia the larger 

3rlinder» the top and bottom of which are made to qommanicato 
tematdy with the condenser. 
** In an engine working with the improvements which have been 
just described, while the steam is admitted to One side of the piston 
in the smaller cylinder, the steam on the other side has room made 
for its admission into the larger cylinder, on one side of its piston, 
hy the condensation taking place on the other side of the large 
piston, which is open to the condenser 3 and that waste of steam 
winch takes place in engines, wcfked only by the expandfe fsnce of 
ateam, from steam passing the piston in the smaller cfVauSt^, 1> 
received into the lai^. 

In such an engine, where it may be more convenient for any 
particttlar porpoie^ the amagenent may be altered, and the top of 
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the smaller made to conmiiiiiieato with the top of the laigor^- nd the 
bottom of the sm al ler with the bottom of the larger cylinder } in which 
case the only difference will be, that when the piston in the smaller 
cylinder descends, tl)nt in the larger will ascend, which, for some 
imrticolar parposea may be more conveuient than the arrangeneot 
before described.*** 

Mr. Woolf in his patent of iS05, piopo^ed to use oil or fat to 
(omnnd his cyliiid'*rs in place of steam, previoasly used to prevent 
the waste of caloric. He also proposed to sorroond his piston with 
mercury, or employing upon it snch a column of it as might be 
equal to the pressure of the steam. But Mr. Woolf possesses much 
gruatcr claim to notice by his invention of a moit excellent method of 
tightening the packing of pistons. It is well known that the piston of 
a steam engine by continued working becomes easy, and by allowing 
pteam to escape past it occasions a ^considerable waste ; so thai- it is 
necessary in the eonuDoa plan to take off the top of the cylinder in 
order to get at the screws or supply the piston with fresh packing. 

Mr. Woolf obviates tbis.diffu^alt and laborious operation by a 
method of tightening the screws without in the least disturbing the 
cover of the cylinder, which he thus effects. 

He fastens each of these screws into a small wheel (c c c c c. 
Fig, 2^ which are all connected wah eacii other by meaus of a central 
wheel d d, which works loose npon the piston rod in snch a manner, 
that if one of the small wheels be tnmea, it tnms the central wheel, 
and the latter turns the other fonr« The one that is to be first turned 
is furnished with a projectiog square bead, which rises up into a 
recess in the cover of the cylinder. This recess is surmounted by a 
cap or bonnet, which being easily taken oft", and ns easily put again 
in its place, there is little difficuity in bcrevviug down the packing at 
anytime. The parts are so clearly expressed in the drawing that 
no further description is necessary to make an v person compretend it. 

The other method is similar in principle, but a little different in 
construction. Instead of having sevend screws all worked down by 
one motion, there is in this but one screw, and that one is a pnrf of 
the piston-rod : on this is placed a wheel of a convenient diameter, 
the centre of which is furnished with a female screw. This wheel 
is turned round, i. e. screwed down by means of the pinion o. Fig, I, 
which is fornished with a square projecting bead rising into a recess 
of the land idready described. The ring is prevented from turning 
with the wheel by means of two steady pins. . 

Mr. James Boaz, of Glasgow, obtained a patent in 1805, for a 
machine for raising water on n plan somewhat similar to Savery's. 

a is the steam cylinder ; i the pipe from the boiler, having a 
stop cock J. ^ a waste steam cock ; e a floating piston attached to a 
piston rod. JB a pipe which generally contains hot watery f water 
pipe, handng a valve at g immersed in the well^ jsnd delivering the 
water Into the reservoir v, ihfoi^ a valve s. The ahr which aoea- 
mulates in the receiver escapes at ni e the raised water dstem ; d 
rarifying or exhansting yessel. 



* Phikuoi^liiGal.Mafaaine. 
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The whole being filled with mercury and water« shut the air 
Talve z, and open the steam from the boiler will rush into the 
receiver, and after heating the water, it presses on its surface^ 
forcing the mercury up into the exhausting vessel d. The water 
above c, and in the pipes E f, will be forced up into the cistern v, in 
a quantity nearly equal to the space occupied by the steam in the 
receiver. When the piston has been depressed as far as is necessary 
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or its stroke^ fhe self-acting mechanism attached to its rod, shuts 
and opens k j and the mercury being now at liberty to act by its 
pravity^ descends from Uie odisMting pipe^ and raises the piston to 
Its first position $ sad the steam which pressed it downwards bein^ 
noun ilMed to ihw' Into the atmosphere, the fall of the 
Ircisi^iitoia* leaves^ a TaqfiOMi i^tiato which tbe water in.the woU 
is pressed by the atmosphere, and agam fillg it. The valve at ^, 
-prevents its rettum to the well ia the operatian oi forciQg;> and the 
'Valve a<prevealsiils<lRUr f(«fs ^q^ternvwhea thc^ Hmvuxi is ^ifiade 

* ftepertoiy offlie Am ^ - 

V 
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In the year Mr. John Trotter, of Jjondon, obtained a patent 
for a Rotative Engine, which may be thus illustrated. . 




a circular piece called the outer barrel. B the inner barrel. 
C, a circular piece called the eccentric. D, a piece called the sweep, 
which shats completely across the space between the inner and outer 
barrels, so as to intercept the commnnication in that part. There 
are caps or covers at each end of the pieces, which close the space 
between the two barrels, and serve, by grooves or other wcli-knowa 
fittings, to keep the other parts in their respective places. 

The situations and motions of the parts herein enumerated arc at 
follow : — 1st, the barrels are concentric; !2ndly, the sweep is capable 
of moving or revolving (either by absolute or rotative motion) through 
the space between the barrels: it may be either separate from the 
barrels, or it may be fixed to cither or both of them, and in the last 
mentioned cases, the barrel or barrels to which the sweep shalf or 
may be so fixed, will necessarily- move along with it. The sweep is so 
well fitted or fixed that no fluid shall pass through the places of it^ 
opposition or junction with the barrels or caps, or as that the qoaB* 
tity suffered to pass shall he inconsiderable. 3rdly, the eccentric U 
of such a diameter and so wrought, that its concave and convei^ 
surfaces shall touch the inner and outer barrels, and that the placet 
of contact shall not admit any fluid to pass between the eccentric anc 
each barrel severally, or at least, that the qnantity which may so pas 
shall be inconsiderable. The eccentric is capable of rotation in ita 
own plane or periphery, but not otherwise with relation to the capsj 
and it has a long perforation through which the sweep is putj con- 
sequently the sweep and the eccentric will always move together. 
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^ It may be pointed out, as distioguialuDgcliamtm of lliit engine, 

that^ whenever the sweep is moved, the space wbichriscompieheaded 
between the barrels and the eccentric, and the posterior or hinder 
surface of the sweep will be continually enlarged, and that the space 
which is in like manner comprdiended between the barrels and the 
eccentric, and the anterior or fore surface of the sweep, will be con- 
tinually diminished^ excepting that, soon aitc^ tiie sweep has passed 
at or near tbe places of contact between the eccentric end the outer 
barrels, the posterior space will be soddoily diminished by the sepa- 
ration of au that portion whldi was comprehended between the 
eccentric or outer barrel, in consequence of the place of contact 
having come to be behind the sweep. And also, thnt soon after tbe 
sweep has passed at or near the place of contact bet \ cen the eccentric 
and the inner barrel, the posterior space will be suddenly diminished 
by the separation of all that portion thereof which was comprehended 
between the eccentric and the inner barrel, in conseqn^nce of the 
place of contact having come to be behind the sweep i and the said 
portions so separated will then respectively become portions of the 
anterior spaces, in consequence of the interval or distance which will 
at the same time be formed between the eccentric and the barrel 
immediately before the sweep. Whence it is manifest, that if any 
fluid be forced by gravity, elasticity, or otherwise, through one or 
more apertures from without into the space on one side of the sweep, 
that ^ressnre will carry the sweep fonmd* and the eccentric along 
with it, together with snch barrel or barrels, as by the constniction 
9ha11,or may be gxed.to ^he sweep j; and, nxor^Qver^ if |;he^ be any 
-one* or more other apertures communicating (romlthe opposite side 
of the «« epp, in order to allow the said fluid to escape, or be earned 
"'off or condensed^ or otherw ise disposed of, ail such portions of the 
said lloid as, by the change of situation of the sweep hereinbefore 
described, shall be separated from occupying purl uf tije space behind 
the sweep, and shall come to occupy part of the space, before tl^ 
same, will, in fiict, so escape or be carried olF^ or conde|ised».or dis- 
iMsed of, and the rotatory motion of the engine wiU be Irept np, an^ 
may be applied as a first mover to other ,worhs> so Ipng as ii.dn^ 
supply of the said fluid shall be afforded. 

ft is manifest, that in case the rotatory motion of the said engine 
be produced by any force not applied to its internal parts in the 
manner hereinbefore described, and any fluid be admitted to com- 
innnicate with the posterior space within the same, the said floid so 
hdmitted will flow into or be absorbed in the said spaced wbidi be- 
comes continnally enlarged, and will afterwards be transferred to, 
aind drawn out of, the anterior space which becomes continually 
diminished as aforesaid : and tliat, in this application, the said engine 
may be used to raise or give motion to fluids in any direction wha^* 
evcr * 

This rotative engine possesses originality and ingenuity which 
dMinotbe said qf many we have enumerated. Our readers will 
peritel?e that the reasons which we. have given for the |aUo^ eC 

_. t > ' ■ ' ' 
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mauy of such like attempts may be applied to this apparatus with oo 
less troth. Friction has beeu generally the cause of their failure, 
and here that friction appears more than doable of almost all we 
have yet noticed. For to the friction of tlie sweep we must add that 
of the ends of the concentric and eccentric cyliuders^ which are 
packed at their peripheries> besides the friction of the points where 
they are in contact with each "other. If machines of this nature, 
when encumbered with only one inner cylinder, have been inferior in 
effect to the reciprocating engines, it cannot require much discern - 
meiLt to see that^ in this instance, where two such cylinders are used, 
the power most be trifling indeed. Fnrtherj it mav be added, that all 
the pprts would bti liable to wear ont of the forn^ m which ihef wera 
first obnstracted; so that no packing could preserve them steam-tightv 
This we apprehend would take place in a short time, at the sidei of 
the cavity formed in the oocentiic cylinder, for allowing th^. siye^ 
to slide through it. 

We consider the machine we are about to describe, invented by 
Mr. Andrew Flint (and patented about the same time), as liable to 
the objections we have jost mentioned. The difllea%''of packing 
Indeed (all others oot of the question), appear to be an insuperable 
barrier to Tts application. 

Fig. 1 is a horizontal section through the body^ of ^^h& engine. 
Fig. 2, which is a vertical section of the same, in the linte n » of 
Fig. 1 ; the same in each figure being marked with t^ie same 
letter. C is the outer cylinder of cast iron, or other proper 
metal ; D .the bottom plate of the same. £ the top plate, firmly 
fitttened down by screws passing through the projecting flanges ^t ff, 
6 is the inner cylinder, hollow, and divided by a partition at A«;The 
two cylinders, v G, must be turned very true, and placed exactly 
concentrically. A B is the hollow central shaft, cast in ipne piece 
with the cylinder G, and forming an axis to it, turning in the stuffing 
boxes 11. K and L are two valves, each consisting of a top and a 
bottom plate m m (see Fig. 4), connected by a portion of a solid 
cylinder n. The plates m are sunk into the plates D and £, so as to 
lie flush with their inner surfaces ; and the connecting piece n lies 
in and fills the cavity prepared Ibi^ its teceptlon in the outer cylinder 
at 0, andHins completes the inner surface of the same. ^ 
P is the steanr float, firmly attached to the cylinder 0, and 
revolving with it through the circular passage left between the two 
cylinders j which passing if accurately closes by means of a packing 
composed of hemp, tallow, or other substances used in steam engines 
for that purpose, g qqq shew the manner of packing the top and 
the bottom plates of the cylinder G, and of the valves K and L,, to 
prevent the escape of the steam between them and the top and bot- 
tom plates of the enter cylinder. This is alike in all these instances^ 
but will be most rea^ onderstood by comparing Fig. 1. with Fig. 3, 
which shews the parts to a large scale, r Is a circular groove sunk 
in the inner surface of the plates D and E, and conceutrical to the 
axis of the cylinder G, and of the valves K and L respectively. In 
this ip'oove is placed a metal packing ring t, and it is then to be filled 
op with a packing, against which tlie surfaces of the said plates of 
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Q,K, and L work ; and this packing may be tightened in any 
degree necessary by the screws sass, which press upon the back of 
the packing-ring. It is proper to notice, that these circalar rings of 
packi^^g should, in a small de^ee^ intenect each oth^r aft 1» to 
prevent tha steam from fscapwg iMweeo tbcm into tha Tacaoas 
parts of tha aagine. Q Qare chases ifilled with packing, to prevent 
a similar/ escape of the steam behind the valves. The steam-float P 
is to be packed in its place by means of the circular aperture in the 
top plate which aperture mast be securely closed by a plate htted 
into it, and confined by a strong dog ; or the packing may be intro- 
duced by holes in the outer cylinder C, which may be closed in a 
aovewliat rimilar manner } bat tins node ia enililered'ailen secbre 
when elaan of great elasticity is employed. It is evideatf that if 
steam of sufficient force be admitted through the hollow shaft it will 
mi the lower division of Q, and passing through the hole 6 into the cir- 
cular passage already described, where (the valve L being first placed 
across the said passage), it will act upon the steam-float P, with a 
power proportioned to its elasticity and the area of P, and tlius face 
U round till it passes the valve K, the steam before it finding a vent 
bf dm tmte 7» uilo tbe mer dividon of 0« and so tbroa|(h the shaft 
0 bto the ooadeaser. If now the ,V4ve K be shnt» the le-action, 
• Bi it is temedt will take place against it, and the valve L n^ay be 
opened to allow firee passage to the steam-float. These valves are 
^ced in the required position by the working gear.* 

ft is our business next to describe the inventions of Mr. R. Wil- 
cox, of Bristol, whom we have already noticed in another part of this 
chapter. He obtained a second patent in 1805, for a number of 
roUrave engines, wUch are> In onr opinion, eaoMdingly ingenions. 
The wofk, entitled 8toart*s Hhtoryef the Stesai Bb|^ has passed 
over the contrivances of this gentleman, by remarking that they vary 
§nm Mr. Flint's only in some trifling alterations of tbe cocks a«d 
jtdun pipes. But it will be seen that this is extremely incorrect, as 
some of the plans described differ entirely not opljr^froin llr« Flint's^ 
but from every previous attempt of the kind. 

JRg, 1 is a vertical section of one of his plans as attached to the 
common eondenter far thi pniposaof ahawing one of the most simple 
«m1 oompacl arra^gasseats, where the stean is emdeased. A tha 
outside ease Or cylinder fixed to the Iraming of the condensing cistera, 
or any other niiare«aitable and convenient framing that tbe eagiBeer 
amy nod most appropriate or suitable to the locality of the premises, 
where the engine i:i to be erected. B B the inside or revolving 
cylinder, attached to and connected with the vertical shaft, which 
is the first mover, and which gives a rotative power to any de- 
i c rlp tioa of nadkinery requiring the same, throogh the medium 
of a spur whed.fixed to tha smd shaft, when a Tertiad notioB 
la laqairedi or with a bevil gear wheel, where an horiioiital 
moUoB is wanted. C C moveable pellele« catas, or valves, Ibr 
if||[l|latiag ^« eparatlPB. of the M eat, in ^ pglia^ af 
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the said pallets, &c. is attached to the fixed cylinder A, aod' 
the other to the interior cylinder as is more distinctly seen 
in Fig. 9., and the references annexed. D the steam valve for 




Ifcgfiiiilliy^QOgl 



8TBAM BNGINB. 



tlM itoissiou of steam between tha said ']MttetsV E tbe ex- « 

llMSliiig valve for the egress of steam. Tbe gear recjaired. for^ 
opeoiagand sbutting the valves D and E, and for opening and 
sbotting tbe said pallets or gates C C, is so nearly similar to that of 
common engines, that it would be useless to describe it more than 
tlie said valves D and £ require to be opened and closed at tbe same 
time, wberaas* in general, they ore eponed and alrat alternately by 
t^e ping tree^ or other simple and wail known nMana4 F the tap ii^ 
the cylinder^ composed of a ring of metal, for presdog the paffln|iy - 
n<nnd'the moveable cylinder, the lid is screwed down with screws, 
nsis usual in securing tbe lids or tops of cylinders. G G two rings 
of metal pressed by screws, from a lever secured to the top of tho^ 
cylinder F, for compressing the packing, and securing the joint of: 
the cylinders A B. H H a circular channel into which the revolvii^'' 
cylinder B wor|», for tbe purpose of preventing the ingress of ai^cr 
qther flnids into or bv the satdintefstibe o^-chuinel, and' wIMklp' 
packed with hemp and grease, and pressed in such manner with a 
ring as thereby to render the enghie more efficient, by keeping it 
perfectly tight. I the common condenser, tbe air pump of which, 
is wrought by studs or stops projecting from the horizontal shaft, or 
any other simple or effectual way the engineer may think proper, as' 
is more distinctly seen in Ftg^, 3, which is the end view of the shaft, 
md Uie side i^w of the piiS^ .r^i.'the operation^ wloc^ is so 
obvioas, as not to require eldi^mm. Fif, 8 cxhihi^ j$e^ird*8 
eye view of Fig". 1, with the top W .tbexylh^ler an^%ompres8ing 
rings removed, to show tbe operation or apparatus for opening and 
closing the pallets, gates, &c. and and also part of the flanges re- 
moved to show the situation of the valves. The letters of reference 
in this case of Fi^, 2, are placed upon the same parts of the engine 
as in Fig^, I, which it woold be soperfloous to recapitulate. C C tbe 
pallets, &c formed of two or moril pieces of metal ^ one part of the 
aaid pidlet is permanently secured to eadi cylinder A and B, whilst 
theciher part or parts torn on a joint or hinge i which said joint or 
hinge is made steam tight or secured, together with tbe whole of the 
edges coming in contact with tbe cylinder, with a hemp cloth stuffed, 
wadded, or folded together^ or by other similar materials, capable 
of stopping the passage of steam, and which must be screwed or 
otherwise fastened on the front of the said pallet} and by thepres- 
anm of the steam it ia presied; ip^ponght in cdntict with the said 
pallet or cyUnden, nno llat it^eiktoally escape of 

ateam, or other fluids by or with which the engine is WfQii|fbt. JHK K 
two racks and pinions communicating by a straight and parsllel 
har| working through a stuffing box in the sides of each cylinder, 
whereby the said valves are opened and shut, whilst passing each 
other, from the external part of the engine by a piece projecting from 
the ^pper or lower part of the fixed cylinder, which may be placed 
nt the option of tiie engiaeer $ which sudjNece ia its passage comes 
into contact with the gear cpnnected'^With the sud pallets, and 
thereby with any of the well known simple meChods or gear ased for 
openiogand shutting of valyM ia the j^Ment steam, engines. Tbe 
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fates, &c. of the engine are opened and shot as occasion requires. 
I, Fig, 2 exhibits a second gate, &c. which in this case slides 
back^^rds against a straight parallel snrface daring the time the 
pallet in the revolving cylinder is passing when the said gate is 
sliding by the gear against the revolving cylinder, as in the drawing. 
The said gates may be opened and closed in a variety of ways, soch 
at a spindle ground into the bottom of the fixed cylinder, and con- 
nected by a link to the gate internally, or a crank or compound lever 
may be applied instead of the rack and pinion externally. 

In another plan Mr. Wilcox proposes a piston Armly fixed to the 
iatenor cylinder, and instead of gates or pallets, he has n plate of 
metal which is drawn into a recess as the piston passes, and returned 
immediately into the cylinder^ so as to become an abutment for the 
action of the steam. 

In this plan A is the outside stationary cylinder. B the inner 
cylinder, C the top of the cylinder and rings, as in Fig. 1 and 9» 
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dveadj enlaindd. 0 a plita 6i Md, as represented by the dotted 
Ham, Bade very stnilglit^ smooCli, and pafaliel, as it respe^ ite 

tbickoess. £ a small skaiflt or axle, working through a box, or k 
receptacle fixed on the outside of the cylinder A, allowini:^ room saf- 
ficient for the said plate to drop clear ofi' to the bottom of the cylinder^ 
whilst rKn accurate inci^iion ii made in the bottom and side of the 
cylinder isu&cieut to admit the said plate D to slide freely op and 
dowa« wbick is efiseted by a raok and pinion, or krer, or any other 
simple ootttrirance attaebed or connected to the eztrenity bf the shaft 

by which feseans the steam is caused toaet on the lame or a 
similar principle, as in Fig. 1. F, Fig. 4, presents a second way o^ 
producing the same effect, namely, that of mising a plate of metal 
throogh an incision made in the bottom of the cylinder A, from a box 
fixed andemeath the cylinder, through the medium of a parallel bar 
wwidag through a stuffing box j whereby the said plate D is raised 
or depressed^ as the working of thn ennne requires. 

"Fig. 5 is the biiifs-eye fitmoteig,4, with the same general 
letters of reference tn their respective parts^ as in Fig. 4. K th^ 
steam passage. L n passage leading or communicating with the con- 
denser, when the steam is required to be condensed. Here it may 
be necessary to remark, that, although the plate D is shown as rising 
Qpwards> as bein^ the most convenient way ; nevertheless, the boxes 
neoeeiary to receiTe the plates may be placed above the cylinder, 
and the phitei may be raised In an oblique Instead of perpendksnla^ 
direction. 

" Fig. 8 is the plan of another rotatory engine. A the ontside 
fixed cylinder. B the inner or revolving cylinder. D D two or more 
pallets, working through a deep stufling box, and turned by a lever 
or other power from the external part of the engine alternately flat 
or edgewise j the pallets D are ftxed to the revolving cylinder ^ E is 

eteam passage, that to the condenser net being shown. 

" Fig. 10 is the bird><^ye view of a mtary engine, as wrought 
with a cock or portion of a circle, whereby a similar effect is prodneed 
as in Fig. 1, by or with a portion of circles : in these figures, 8, 11, 
the lids of the cylinders arc removed, and a part of the flanges where 
the circles or irregular cocks are used is bi okcn off, to render the 
working parts conspicaous. A, the outer or fixed cylinder. B, inner 
or revoIviDg cvUnder. C C, the pallet, cock, or portion of a circle, 
fitted aedufhtely into the circle it prescribes ; with a miodie i»orking 
QtfbAgh th« tof of tbecylinder. D, thegrqove, intet^HniiMt wIM 
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the part coming into contact with the revolving cylinder is secnred 
with a piece of hardened metal, in order that the constant friction of 
the revolving cylinder shall not injure the pallet or cock. E the 



'steam £NG1NE, 



139 



passage to the boiler. F the passage to tbe condenser. O the pallet 
seenred to the working cylinder. In this figure two portions of 

circles and cocks are introduced, for the purpose of showing clearly 
their situations In different places, the same as in Fig. 10. 

"Fig. 11 exhibits the bird's-eye view of a rotatory engine, as 
wrought by a cock or cotl<s, whicli l egalate the steam instLud of 
valves, and also act as the pi iiici|»al tuck or pallet in the smd engine. 
A the outer ^ed cylinder. B the inner revolving cylinder^ with a 
fixed pallet. G G the cocks, which are wrought from the eitemal 
part of the engine, by a spiedle passing throngh the top. D a piece 
of hard metal, introduced into the said cock, to resist the friction of 
the revolving cylinder, as explained in Fig. 10. Steam passage. 
F, passnijf to the condenser."* 

The hist of Mr. Wilcox's plans (1 and '2) is, as far as we know, 
perfectly origiual. Us great complexity has been, uo doubt, a great 
cause of its abandonment ^ if, indeed, it was ever tried. Thennmber 
of racks, pinions, gates, pallets, joints, grooves, slides, and staffing 
boxes, mnst instantly impress the mhid of erery one with an idea of 
its great islteriority to the most complex reciprocating engine. 

Tlie second scheme, (i and 5) it will be perceived, resembles in 
its general principle one of Messrs. Braniah and Dickenson's engines, 
a description and plan of whicli will be fonnd at page 70 of tins work. 
The objections, therefore, which have been made against that plan^ 
will apply equally to Mr. Wilcox*s» 

In the third phin (Fig. 8) we apprehend that a great waste of 
steam would arise from the difficulty of making the pallets, D, unite 
sufficiently close at the joints; besides that the complexity would be 
nearly as great as the first plan. 

The fourth and fiftii plans (10 and 11) resemble that of Mr. Flint's 
so nearly that w e doubt not they failed from the same cause. 

In the year 1807, Mr. Henry Maudslay, of London, obtained a 
patent Ibr a Portable Engine, in which he introdnced several in<* 
genions improvements on the Tslves and working parts of steam 
engines, which tended not only to reduce the friction^ but altogellier 
to render them tighter and more compact. The accompanying figure 
will enable our readers to understand what these improvements were. 
• A represents a frame of thin cast iron, for the purpose of fixing 
•the cylinder. BB are two cold water cisterns, of merely sufficient 
laie to admit of easy access to the pomps within them; they com- 
municate with eadi other by a pipe a, C la the cylinder snrrounded 
by a casing (6) of copper or other material. The space between the 
cylinder and casing is filled with wool or some other imperfect con- 
ductor of beat J D is the piston rod joined to smaller rods carried 
down on each side of the cylinder to E, and having an opening or 
dirision so as to avoid interfering with the main shaft. These rods 
are at their lower ends fixed to a wheel with a fluted rim : from 
^he .centre of which a connecting rod, G, is carried to the end of thd 
cmnk. « The wheel F mna between two guides, cCgtotiBto pieaervs 
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^he rectilineal motion of tbe rods find the piston rod D. H is the 
crank» a three-throwed one. J a cross b«am for working the pDmps 
POM} its motion is procured by having a fork underneath it, which 
embraces one of the cranks on which is a roller for reducing 
friction. By this means the fork^ and consequently the beam and 
pump Fod8> 18 reciprocated by the revolution of the shaft. K K is the 
fly wheel; L is the condenser^ containing the air pump M; N is the 
hot water cistern, and O the hot water pnmp; P the cold water 
pump; Q the injection cock; R the steam pipe from the boiler to 
(he cylinder; S the eduction pipe. The steam is admitted into the 
cylinder by a four-way cock^ which differs from that generally used 
hy its being considerably more taper, which effectually prevents 
it from jamming by unequal expansion or contraction^ an evil to 
which the common cock is liable. 
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There arc few machines which display more ingenuity, either by 
skilfal arraugemeut or ueatness, thaa this) aod^ as it regards its 
utility^ it need only be said tbak Ung coaliiiQed trialt nm fully 
efltblisbed the great ezoelleoce of Mr. Maudilay** nmm^ We do 
not pais orer thU madiiaey therefore, with so ilMHrt a aescriptioii oo 
AOCOimt of aay doobt letpectisg its incrits - for were the length of 
onr remarks to be ^ovem^ by our opinion of t\m utility of auy 
machine, they would ia this iostiobce emtend over several pagef , But 
however beautiful may be the arrangement of Mr. Maudslay 's engiiies^ 
tkis Ls not their b^ie merit ; for Mf. by a«pij^tojr worjl^jitaja^hip, 

and most caroM attenlloB to Ibe tolMtiM of fMA mt^^ 
thorepotalSoii of being o^e of the tot Mflfcetum of sleMi tttjuiM 
to Ibe worM. 



Digitized by Google 



mSTOHW OP TBB 




CHAPTER Vr. 

IptllTKirTS.— 'Mead's ROTATITK KNGINE. — CLEGg'bRSAM WHBBL. — CHAPMAH'ff 
ITXAM VmSSI..— WITTT's ftOTATIVE VROM RSCnUITRAI* MOTIOM. — ONIOll** 
mAV WHUlMF-BLBKKnitOr't Irf»GO»liaTIVS BTONTOW'S U»00- 

'MdnTS-SNfllNE, OR MECHANICAL TRAVELLEn. — DODD AND STEPHENSOm'i 
• .IiOOO*VOTtTE ENGINE. — TREVITHICK'b ROTATIVE ENGINE AND IMPROVED 

tfTEMM -BOjrtr^^ ^niM i w t't BOTATiTS 'Birmra.— um Am maniBmoir** 

IMPROVED LOCO-MOTIVE ENGJXE. — ROOTLEOGE'S ROTATIVE ENGINE.— 

malam'i improvements.— sir w. comorevb's ctbam vtbebl. — wrioht'i 
tUmmtUl^ ■VflAM WBSBU 

Ws itated in our remarks on HorBblmrar't Steam Wheels (de- 
gcribed at page 770 ^^^^ been claimed as an original invention 

many years after Mr. Homblower obtained a patent for it^ we allnded 
to the patent of Mr. T. Mead, of Hull, dated 1808, the specification 
of which describes a machine resembling in principle, though of a 
somewhat different form^ to this engine of Hornblower's. 
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" A and B, Fig. 1^ are two circalar plates or shells of metal, 
aimUar in their oonitnibtioD, baviog their inddes turned, or othcrwiie 
nede very tme and correct) A hu its iodde nppermost, end B its 
outside Qppennost. Each of these circular plates or shells have a- 
flange and scmicircnlar cavity formed for the reception of the pistons 
which are afterwards described, and a recess or hollow part formed 
round its centre for a small circular plate to turn in. Near to the 
edge of each recess is a small groove running quite round it in the 
bottom of each groove is placed a metallic ring, O O, capable of 
being adjusted bj scrowB on tiw ovtside of eich shell. At its centre 
is a hoUow pipe or bees for . the reception' of the spindles, F and O; 
The plate A lias also two holes, a a. Fig. 3, to which pipes are fitted, 
one to convey steam into the shells, the other to conduct, it from 
them into a condenser, or wherever it may be required. C C two 
pistons with grooves round them to admit of a packing or wadding. 
D and E two circular plates to which the pistons are connected 
or made fast. F and G two shafts or spindles ; the spindle 6 is 
made hoUow to reeeive the spindle F, which passes throogb it H 
and I- two arms made hat to the two spindlM; each arm, near its 
extremity, carries a wheel K and J, which are getieraUy termed 
friction wheels. L a flv or a regulating wheel, fixed to one' end of a 
shaft or moveable axis, having in its side opposite to its axis a groove 
running across its diameter for the reception of ?he friction wheels 
J and K, which wheels, when the pistons are put in motion, work 
la it, and give motion to the fly wheel and other machinery which 
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nay be connected with it. R R the hollow plates or bosses for the 
spindles to work in $ S S flangos by which the shells are fastened 
toffetber. Fig. 9 is a liroat view of one of the pistons^ with ita dr- 
caur ^te, arm and friction wheel ; J the friction wiieel ; H the 
airm; D a drcolar plate^ and C the piston. V V V grooves for the 
reception of the packing or wadding, which ia to be made fast therein. 
When the engine is to be pat together, the arms are taken off from 
the spindles 5 the spindle F is then to be inserted in the hollow 

S indie G, which, with their respective pistons^ are placed in one of 
e ibella, and the one sbeH piaead ov«kr ««faerj thealMile ars 
then ftsteaed together with actews or otheirwiMLr to aa just la adndt 
the pistons with their respective plates apinmes to tarn round ili 
their channels nearly steam-tight ; the arms may then be made fast 
on the spindles, and the engine erected. Place the direction of ita 
axis in an horizontal or lateral direction, parallel with the direction 
of the axia of the By, but nearly as much oat of that line as the length 
clone of the arms, H and I, taken fihaoi the oentre of the spindle to 
the oentre of ita friction wliieel, and at Meh * di«l«i!nee firom the fly 
M to admit of the friction wheels moving freely in the groove en ita 
Ihce. By so doing the axia of the engine will be plaoed eooeatric 
with the axis of the fly. The engine may be fixed in an iron or wood 
frame, and the fly supported in the same or a separate frame, in the 
position before pointed oat. If the fly is then turned half way round 
upon its axis^ one of the friction wheels will remain locked or held 
mtt in the groove near ita centre, and the piston with which it is 
enaneetad relMdn nearly ttatiottary ia the ateam^alliunhta^ haln^M 
ike h<AfiB a a, while the other Irictiei wlieel^ with ita aval, spinAe/-. 
small circular plate and piston, make nearly one cotopletarevolation, 
round their common centre of Aotlon, or the eentre of the engine. 
If the motion of the fly continue till it has made one complete rero* 
latioa ronod its own axis, the friction wheel which was locked or 
held fast in the groove near ita ccnitre> i^U move off ia the gpaove* 
tewaida tlie«hwwnlBMie-of tlie fly, and With itahnn, spiwttB/anmll 
dvcolar plata« dnd piataa> make aea«4y one complete r^volntiea 
lennd their common cintre'of motion, or the- centre of the engine, 
and the other friction wheel in its turn rerdain locked, or held fast 
in the groove near the centre of the fly, and the piston with which it 
is connected remain nearly stationary within the steam chamber 
between holes a a; and so on, alternately, as long as the fly continues 
in motion , Inatiad cl the hdW cpiBdle G, and the-adid apindle F, 
two other solid t^^Mlm magr 1^ ^sedv by applying elw tceach wmM 
Ctrcdar plate, and pMsing them thrangh the optK>siie pipes or 
tniHea^ each haviafila arm and friotton wheel as before, but working 
in separate grooves mounted on separate axles, and united by wheel 
work. When the engine is to be set to work by the force of steaib, 
the steam is peraiitted to enter by one of the pipes into the steam 
chamber^ where, by its elasticity, it will ptesa or act upon both 
pistons- MCrly alike; and as one el the ptstana i» stoppedr or heM* 
fimtbytikcanMsM^mcthode* fhesleam eannCtpnaainto the other 
pipethatway. h«t iim tecnth«e1tepiMsliioiMi iMils ao^ 



Digitized by Gopgle 



STBAM' feKGtllR 



145 



rirciifiu- plate, spindle, arm, and Friction wheel, and put the fly in 
motion, and continue it as before explained. A similar effect may 
be producc<l with a concave globe or sphere, baving within it two 
moveable semi- circular leaves, (as a sobstitute for the pistons) with 
packings al tiMir edges, aid nMtA in th« eentra or uii of the globe 
with Jointo or hinged, hod havltog eech of them an axis passing 
throDgh the globe to receive the arms and friction wheeb at before 
described, and with holes and pipes for the admission of steam.*** 

By referring to the aforesaid drawing of Hornblower*8 Engine it 
will be seen that principle of alternate revolution of two pistons is 
adopted, both in that and in this before us. But although there 
might not be that difference in Mr.,Mead's engine to merit the name 
of an oriffinal idea, yet it is eitreittely ingenioiis ^ and the metliod 
whereby ue has endeavomed to a?oid the striking oT llie two dia- 
phragms, is probably the nearest approach to a removal of tliat evil 
which we stated was the probable reason of the abandonment of 
HornbloWcr's plan. For here^ by the aid of the fly wheel, the 
moving piston is gradually brought (like the piston of the recipro- 
cating cngiue) to a state of rest, so that the strilcing would be almost 
done away with. This being the case, we feel much di£icDlty to 
satisfy oaradves as to cavse of More; and, bat for tlie assnranee 
that it did aetnaUy fail, we shodld have almost expected that it wonU 
have exceeded in effect any rotative engine we have yet describe^, 
'Yor although Ithere is treason to believe that the waddinj^ Q)r packitig 
would be torn out of its place io passing oVer the cavities for the 
admission and exit of the steaiu, yet that diflSculty could be removed 
by the substitution of metallic packing. If this ehgine ever had a 
.'h\t it\a\ under circumstances where there were no local inconvetal- 
'Ma^, #e confess we calioot see why its eflbct im tait tg^iU te§U 
*i» thiit dr a b£Ain iniglfie. It is tme, the reVolatlon Is neltlielr isob^ 
lintfbnilW eduabl^,. bat Ada is ho mora the case i^ith any enghie in 
use, but ott the coutrary, a mlich greater mass of matter id ottm 
'tliat is to be brpught to rest at each change of motioti. 

Mr. Samuel Clegg, of Manchester, obtained a patent for a Rotative 
'Epgjne in the year 1809, the principle of which is thus explained. 

^ifig. 1 is the undei'side of a circular piece of cast iron, and of a 
.diameter and thickness proportioned to the size of the engine. I is 
The bnitaon ttnm oiTthO dilfeMt dtdu shown on thisprece. With 
^y (ionvehidnt rkdios 1es6 than t^ht Of A A describe the circle C 
iifid within the latter thodiclek t>D And E By— the Radius of the 
^klier being the least of those now named. From the uses of tliese 
^hrts, which will be immediately described, an idea of Iheif relative 
dimensions will readily be inferred. Let that part of the surface 
A B, AB which is contained between the circles A and G, be ]plaim 
between the circles C and D .sink a circular groove G D df ady given 
de|>tti j and. between the ciides D ft&d X 1^ anolher dmolar groofo 
bediitofthebNadthDB» and of any glv^ defyth leM Ott thit 4^ 
ttnlroovd C D. LdtthelMnabing |«d(tortbb«|iiM6 A$,J^ 

•^^p^W gfci^— i"^— — — W» ■ * - ■ 'I ■ ■ — — n il I ■ m' — — 11^— M—— 

* Speciiicaijep of .Patent 
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that-included belweea E and be c«'t down to any depth less Umhi 

the depth of the grooye D £. 

" into the groove C D let such a number of segments of a circle 
be fitted as shall form a complete circle, excepting tbe space at h, 
which is occupied by adjusting screws or springs^ to keep the scg- 
.meat« close together. The aegments are the breadth (or nearly) of 
tbe grooTe CD, and of a depth less than the depth ^ the groove 
CJ>. Tliose sides of tbem which apply to each other nie to be 
nnnid together pl^n/ and air-tight it possible. Their under sur- 
ges, which are shown in Fig. 1^ are to be ilat^ so that the whole 
may form one complete plain surface, excepting the space before 
mentioned^ which is taken up by adjusting screws or springs h, 
which screws or springs are placed so far below the surface as to let 
a roller pass by them> which will be mentioned hereafter. . . 

^' Ilg. 8 represents a vertical section %f the plate and grooves of 
Fig. 1, resting open a circnlar chamber or hollow space Y Xj to which 
chamber the said plate forms a Vatht covering, excepting that space 
occopied by springs or screws LL, as before mentioned. I the 
centre of all the groores and circles before described, is also the 
centre of the shaft. On the shaft I is fastened a plate or coupling 
Z, in which is inserted a bar F : this bar may be of any given 
breadth^ but in depth must be less than the depth to which the 
cirde BB was cnt bdow Hie snrface A B; to tltts'bar is attached a 
.wheel.or roller shown in Fig. 3, upon a laiger scale. The manner 
in which it is attached to the bar F is also there seen, and it is so 
attached to it that the top of the wheel or roller G shall always be 
higher than the top of the bar F. The wheel G, being attached to 
tM bar F> will, when the bar is made to revolv^^ describe a circalar 
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path H H H along the plain surface of the segments^ before described. 
Lei that portion of the plain surface of each segiocnt which answers 
CO the path of the roller G be rounded off, in such a uianucr as to 
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liilBi tlal fKNTtion of tbe wnthoB m are of a circle^ the convex c2r« 
cumfereoee of which is pfetented to the roller G« la F\g*3, at H, 

is shown a perpendicular view of one of the segments, roooded off 
in the manner describedj and presenting its convex cirrnroferencc to 
the roller G. There may, liVewise^ be another roller aitaclicd to the 
bar beliiud it^ to lower down the segtueuts in the same manner in 
VUek they are nbed by tho ^st rolter, Naif k it obtrlou» all tlie 

•Mid MgmeBtt bciag in their places |n l|ie gr^e CD» Fig. I, thnt 
tbe roller in perfoming a rerolntion roand the centra 1, Moal 
travel along a series of convex arcs of circles, equal in nnmber to tlie 
number of segments in the groove C D. The groove D E is, in fact, 
a recess ia the deeper groove C D, and may, if necessary, be filled 
with hemp or taliow^ or jmy otU^f material which may answer the 
purpose intended. 

"It matt baramfmbfred i}m% Fig. I itnTUmi^tlMandanideaf 
Iha maebiaary. Fig, H || a taattaa a? it> supposed to be in its prapar 
poalCion^ resting aa a eover to the drcnlar chambar Y ¥» im tka 
segments resting upon aflat facing OO. Each segment projects 
over the facing O O on both sides j their projection on one side 
completes the cover over the hollow clmwheri iiod tlie otiier is the 
rounded soribce for tho roller to lift them. The facing O O is exactly 

' or as nearly as can be, level with th«qnder«ide of ilieplate AB AB» 
wiientha plate op |ts j)lace, at reprasfaM i^Fig. aollnt 
when the segments ara all in their places, ||)^ complete the aaan<* 
circular chamber, and fit so close oH' their seats and in the groove, 
that were the chamber to be filled with any elastic fluid, they would 
prevent its escape, or nearly, excepting where the space is lett for 
the springs or adjusting screws. The use of these segments, which 
are what the patentee claims a* hh invention, is aa follows : conceive 
a dear or valve to ba fitted in the hollow chnmM al Q> and a piataa 
R, tikawise fitted in Iba ebambav «a as to nov^ mnd in it, and tbe 
liar F made fast to the piston, on the side and in the manner repre* 
sented in Fig. 1 then, if aaelantle flaid of suflicioiit strength enters 
the chamber at N, it will press equally against the door or vaU c, 
and the piston ; but the door or valve beinf^ immoveable, and the 
pistou moveable, the piston will be propelled forward in the circolar 
chamber bv the elastic iluid . Tlue bar F being fastened to the piston, 
^nd the rollor G to the bar F^ U tM naiin^ represented ia I'lg.S, 
and the roller bang in motion with tbe bd|r and piston, the roller 
will lift the segments in succession, as it comes in contact with them. 
The segments before the bar, bein|; by this means lifted, allow the 
bar to pass, and the operation being the same in all, the bar and 
piston make a complete revolution. Each segment, as 80011 as the 
bar leaves it, falls down by its own gravity, or by springs, or any 
other contrivaocej( so that the opeuins; which is made for tlie bar to 
past ia doaed befora the elastic flaid maehaait; tba*alaatic flnid 
ieinp ]Mpt.from the opening by the inner lireadth of tho platan ex- 
caading the oate( diameter of each segment. The door or yaVve is 
lifted out of the way of the piston, when the piston comes in conti^ct 
with it, into the openipg in the plate at arec^sf being mad^ ia. 
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'doer relnrns to its seat, pnd thus te oponliDii cootibnwt*.' ' 

In Fig, 2 C is the condensing vessel^ a the air pomp, b the ajr 
pnmp buckets, d the hot water cistern, e the clack. //, the iDclined 
piano for working the air pomp bucket, h fastened in the shaft, and 
consequently revolves with it. To the air pump backet is attached 
a liojlow tube t)ir^g^ which the shad goes. ToUiia tube is CMt^^d 
: %«fiW bir« «t-mh:ei4 of whUh it • wtUnt r, resting ppo« Hib 
iliiMcl films of opirae wheo the phme fevolve* the bwhot kieae miiI 
The plane is divided into cwo difoenl aHie^, so m to mate 
it more acnte where the bucket rises, but neftrly an angle of 45° where 
the bucket descends, as represented in the drawing. The injection 
enters the groove above the blocks, and keeps about three inch^ 
ef water upon them: the injeotion then enters the condenser out of 
the groove^ as seen at X. Each segment or blocks K« is of ^ofi&ckw^ 
weight to rei^ife the preieore agaioet thai pert of thdr under eerfaioe 
wineh ie over the eemi-circehtr chamber, and will genendly benbont 
fire-eighths of an inch. Jhe mocks may be likewite lifted exactly 
in their centre of gravity by means of a lever in the upper part of tlie 
groove, and worked by a roller or small indiued plane fastened to 
the shaft, as represented by the dotted lines; and aa.it is not neces- 
sary for the blocks to rise uiorQ than half au inch or fire-eighths, the 
motion will be very ca^y^ and whatever descending power the blocks 
have^ ^hey will propel the her iforwnrde proportioned to thnr weight 
and* UNe^moe' through which ^ey inoTe, so that th^ w ooly the 
friction of the blocks to overcome*. Supposing the pressure on the 
piston to be dOp.itie. the weight of all the blocks wul be about 500 
lbs. for sjich a sized piston, and will seldom exceed more for the 
largest engines, as the space for the bar to pass will be nearly the 
same in all> the strength of the bar depending upon its breadth, not 
on it4 thkkuQss ; thus, 800 lbs. will move through the space of 16 
feet^ f^t M3Mq>Uif,g^ through the 8^ ot hi& an Uieo* 
the d^ecefdinif ei ^e Mocha ia taken Into coMidefatMiii* as oelMre 
'deioihflA^lli^ iPli;^ of the blocks will make no sensible difference 
to the ^fff^wi ot a«piapir.-vTh£>tid Mheing the only opening 
into the engine, and the only stuffing-box, and that covered with 
water, no a|r enlcf fh|t ia (»iitaiM^ |§ the used for 
injection."* 

It is our opinion that this patent would never have existed had 
Mr. Cleffg been acquainted with the effeets of steam acting ott a lever 
na apknad at page 43. It la there shown that no Ine rea a e of elfect 
ia gaiaed by increaaiag the length of the lever j for althongh ateam el 
a given pressure a|B|a 09 n>levfr.of two feet from tbeiaknna with twice 
the effect it does on a lever of one foot, yet it ia ai^ir^at that the 
consumptipn of steam is also doubled, and, therefore, that the power 
is as the steam consumed. Though it is presumed that this fact isr 
too well known to need mi#ote ,ex|^ai^atl<u9^ yet it is necessary no^r 
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to mentioo it* since tliere can be little doubt but that if Mr. Cit!g^ 
had becD aware of it, he never would have made use of those seg* 
ments which alone constitute his patent ^ the purpose of such s^-' 
ments being (as has been explained ) to obtain the effect of the steafn in' 
a channel at some distance from the centre of motidn, without roakinj^ 
nsc of the interior cylinder or plate, nsed in most of sueh engines. 

No advantage, therefore, arises from the use of these segments; 
bnt, on the contrary, the extreme nicety of their fittiog is a con- 
siderable drawback; artd we apprehend also, that tliey would sook 
become deranged, and suffer the steam to eiscape* But the most 
objectionable part is the valve which has to be struck out of its 
place, whilst the piston is travelling at its full speed; indeed, there 
,can be little doubt but that the rapid destruction of this valve was 
the cause of failure. 

Mr. William Chapman's Rotative Engine, patented 1810, is 
represented by the accompanying drawing. 




A represents a dnipi, packed on its two ends, and revolving 
within an exterior cylioder C C, so that a channel is formed between 
the two cylinders, in which the steam acts upon the Baps F O. I is 
R cavity filled with hemp, which effectually stops up the passage or 
channel ; an adjusting screw K tightens up the packing as it wears ; 
D is the steam pipe, and E the escape pipe. The steam being intro> 
duccd at D presses upon the valve or Hap F, which recedes from the 
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pressure, until the valve G having reached the roller H, is shut into 
the cavity L, and passes under the stop I. As sooa as it lias cleared 
the stop, a pin on the oatside strikes a lever attached to the sjnndle 
on which the flap U hnug, opening it tMl agiio as beferej so that it 
ftlb np the passage and receives the action of the st^m, aUoinng F 
to be shot at the proper place, without intempting the revolution of 
the axle. More explanation is unneoessarr, as tiie diawing fally 
shows the plan. 

An engiue on this principle was tried at the iron works of Messrs. 
Hawks & Co. Gateshead, but so great was the noise made by the 
flapfr^riking the roller^ that many of the workmen who htm it 
imagined the sonnds to proceed from a tilt hamaier« It was also 
fonnd impossible to keep it steam tight, by the greatest attention to 
the packing. Another engine of larger dimensions was also tried on 
the Tyiie, hut finally abandoned for the snmc reasons. 

Mr. Richard Witty, of Hull, procured a patent in 1810, for an 
engine, the revolution of which was eOVcted by weights being alter- 
nately drawn to and driven from a centre, round which a working 
cylinder or cylinders revolved^ there bein^ attached to the piston rod 
or rods' a nnmber of weights. These weights were drawn as Bear 
as posnble to the centre on the ascending side, and are projeeled 
outwards on the descending side as far as possible from the axis. 

In the following yenr Mr. Witty took out .1 second patent for 
improvements on the former plan^ which improvements consisted in 
making the piston draw or force round the machinery, whilst itself 
moved both in a rectilinear and rotatory motion in a cylinder j which 
levohed upon an axis. The mechanical contrivances by which this 
was eflected were of Tarioas kinds, which cansed the power of the 
piston to draw or force the cylinder round. We here n^ve those 
which we conceive to be most deserving of notice. 

A, Fig. 1 , is the cylinder, shorter and wider than fixed cylinders, 
with its piston B, the rod of which works air-tight, through the 
stuiffin^ boxes a a, at each end of the cylinder, with a provision at 
w to blow the air and water at starting when required. The axis 
or shaft, G is fastened at riffht angles to the cylinder, with screw 
bolls through flanch • 1*. In the a^ are cast or bored two dacts or 
channels, e /, of sufficient capacity to admit steam to supply the 
cylinder. The ends of these ducts are securely plugged up. The 
eide pipe h and g-, are joined to the sides of the axis, and com- 
muoicate separately with the ducts, e f, in such a manner that the 
pipe h shall communicate with the duct e, and the pipe g with the 
duct /. The other ends of these pipes are joined to the ends of the 
cylinder. DD is the coDcentric collar, through which the taper 
part of the axis works idr-tight 3 to this oeHir are screwed the steam 
pipe E and edactbn pipe F; the former leading from the boiler, and 
the latter to the condenser and the edmasting pump. The two 
holes in the collar, where the two pipes are joined* arc made in the 
form of a parallelogram, so that when the cylinder, side pijpes, and 
shaft, turn round through the collar D D, the conunooications be- 
twixt the boiler and cylinder, and the cylinder and oondensej^y will 



Digitiiica by Google 



152 



niSTOftY OF THE 



» 

'14 J-. ■ 
•I ♦ . 




tin ■ : :■ 



1 I*' J 




bfin •. 

"^.Il tti * > 



r 

* 



t 



. ^ Google 



STEAM ENGIKG. 153 

bt open alternatdy doring Iwtf the reT<ilotioii« and each idde <^ t|ie 
piaton will be. opeiij or exposed alternately to the steatn aOu the 
condenser. 

Fig^ ^ represents what is called .the cardiual lootioo* altached 

to th^ engine. It consists of a parallelogram, frame, or trammel 
groove, joined to the piston rod by the two triangles MM, MM. 
The two friction whet'ls, NN, nre hiinijr betwixt the ends of these 
triangles, and t)ie piston-rod and rim betwixt the side joiiitb oooo, 
cast or screwed apon the covers, of the cylinder. At the dtstanqe of 
half the stroke of the piston from the centre of the cylinder shaft is 
fixed a strong stnd or pin, having a strong knee crank, at right 
ai|gles.lnMn it, to support the gudgeon end of tlie cvlinder shaft at S. 
On the ronnd part of this stud rnns a wht el P, filling the trammel 
groove, and the square is driven tight into another piece of cast-iron, 
and keyed fast, and this is bolted down to a beam of wood, as at K, 
Fig. 3. When the steatn is admitted under the piston the trammel 
groove moves with the piston rod, and is turned from a rectilinear to 
a rotary direction by the ^tnd P., resisting on one side of the tramn^, 
and canses the cylinder to, revolve towards the stud, and; as it re* 
Valves the groove comes perpendicular, or at riffbt angles^ to the 
situation in which it is seen in the lignre, the cylinaer lays horizontal, 
the piston is at the extremity of its stroke, and the alternations of 
the steam take place at that instant in the axis. In this poRition 
the engine may be said to be passing centres, similar to that of a 
beam engine, when passing the vertical position of the crank) and 
thus a oontinaed revolvinff of the cylinder is effectedi .iriiileits pistoa 
describes a cirde, the. diameter of which is half the length it th^ 
stroke. 

Fig. 3 is a oontrivaoce for applving tbe fofoe of the piston np6ft 

a wheel R, or crank, which revolves upon a separate axis at W, 
placed half the length of the stroke of the piston from the centre of 
the cylinder shaft X, which is supported by a knee from or through 
the centre of the wheel, similar to the contrivance for supporting the 
gudgeon or cylinder. Fig. ^. The diameter of the wheel is made 
eqod to the length of the pbton jrod and has its rnn made to tiMliM 
or ^mject^ in order that the piston rod may lay hold of it altemalely 
at uie sto|M jp y. 

On inspecting the first invention, namely, the method of obtaining 
a revolving motion by the projection of weights, it appears to us that 
Mr. Witty has quite mistaken the object which engineers have had 
ia view in their attempts to obtain a rotative engine. It will by 
this time be seen that the object was principally to avoid the waste 
of effect by giving motion to a mass of matter, and bringiotf it to 
rest at cadi movement of the piston of a steam engine, . It wSl also 
be seen that these weights (the particolar position of which cofisjkt* 
tntes the power of Mr. Witty's engine) have to be moved and breochl 
into rest, exactly in the same manner as those parts of a steam engine 
whose motion causes the inconvenience complained of. The same 
objection, therefore, applies to bis in a tenfold degree, for the com- 
moa eugine has only to overcome the inertim 'of such a quantity of 
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material ns may be necessary for sufficient Btreng^thj but here t!ie 
power being as the weight, tho inconvenience sustained by reQjpro- 
cation iu engines of large powers will be readily conceived. 

Mr. Witty'ti impruved method, in which be dispenses with the 
weights, display! considerable ingenuity, it cannot^ however, be 
properly called a rotative engine, becaoM the eteain doce not act 
apon piston, vloiet or any thing whose motion is rotattvo: hisinreik- 
tion is merely a new way of applying the action of a common pistoa. 
'Hie best mode, therefore, of appreciating its merit is by comparing 
it to a cranked engine and in doing this we shall endeavour to show 
its inferiority. 

'i he patentee states its advantages to consist in saying power 
lost by reciprocation, and in dispensing with a ily wheel. To the 
first it inay be said, that althoogh the &am and some of its appen- 
are not necessary, yet t& increase of the friction by the vt0 
of a grooved frame i the danger of bending the piston rod byitn 
obliqne application in forcing round the engine, are greater incon- 
veniences t>ian those attendant on a beam; to this it may be added« 
that, when a crank is used, there are two points where the crank 
receives its impulse at right angles to the direction of the force, and 
js impelled in the same line with the piston, which is of course the 
niost advantageonB application of its power; bat in no part of the 
WTointiofi ol &w engine, in any of its modifications, does tlie impnlse 
eome mudi nearer the direction of theprodnced motion than an ai^j^ 
of 45*, 

Not do we think that a fly wheel can be dispensed with. It 
being quite evident that the different degrees in the obliquity of its 
direction must render a Hy wheel absolutely necessary toproaooe an 
equable motion. 

On this principle is the RevolviDg Engine of Mr. Samnel Morey^ 
BOW tt8ed*in seTera^ American steam boats.. As there is considerably 
i|Dfeltr In the mode of generatfof the steam we apprehend its laser- 
tioB'inll vol be considered unnecessary. 

a a a are the steam boilers ; 5 b the tar vessels, to be afterwards, 
described ; c the valve box d d the two revolving cylinders, shown 
hi diflferent positions ; e e the piston rods ; f the * pitman' ; /* the 
centre piece } % t the shaft ; k k the valves -j II the steam pipes j m v> 
the escape pipes \ nn the condensers ; v o the face of the valves, 
elM»wn in i^mrate figures ; jf the tar fire. 

The firame, which holds the cylinders <f <f, is suspended by Its 
opposite sides so as to revolve. The centre piece K actin|^ as a 
Mnk, is hxed to the end of the shaft i, projecting over the cylinder, 
and from this centre piece the bar or pitman f commnnicate^^ with 
the cross piece of the pistonf rod. Two circular pieces or valves hy 
one of brass and the other of iron, are placed on the same axis t, but 
on the outside of the frame 5 one of them being fixed to the axis, 
laid the other accompanying' the fitene and epnder in theij revo- 
InliMr. 'nrmn tUi'last'talTe procie^ pipes'//, which oondact 
Vttt steam to-each end of the cylinder. . The valve has a smooth face. 
wMch is Ifeept close by sprfttgs fpr ihii Ihce of the otlier vi^ve^ w^j^ 
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is fixed to the shaft. The steam is conveyed from the boilers through 
the outer valve into the moving valve, and from the opposite side of 
the outer valve proceeds the eduction pipes, which lead to the con- 
densers. 

These condensers are upright vessels, two of which belong to 
each cylinder j they are cotjnccted at top by a sliding valve box, by 
which the steam is made to enter them alternately. They have two 
valves at the bottom, which are kept closed by weights. A stream 
of water is injected into the condensers which escapes by the bottom 
valves p p, by which, also, the air is blown oat at every stroke ; iu 
this manner the engine is at hrst cleared of air. ■, . ft 

In order to give a reversed motion to the engine, two cocks aod 
cross pipes are employed, for the purpose of chaDgiag the passage of 
the steam to the opposite sides of the valves. 

When the engine is thus constructed, the steaiu admitted 
below the piston by the lower pipe /, forces up the piston rod c, and 
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the cross piece at its tipper extremity. This crosspiece carrying 
aloDg wttu it, the bar /, acts opon the cranic A, which thas gives a 
rotatory moHon to the shaft i i, and of course to the cylinders and 
frames ; the shaft t by neaas of a pinion drives the axis of the 

water-wheel 

With the view of saving fuel, this engine has the Gas Fife 
applied to it io the following manner : The boilers being cylindrical 
with au inside due for fuel^ two or three arc placed close together, 
and set In the following manner | first, cross Iwrs of iron are laid oft 
tlie timbers $ a platfbm el dieet iron is laid on these bars, coated 
.over witli clay, mortar, or cement to keep out the air. Upon the 
sheet iron, and over the bars below, are placed cnst "iron blocks, in 
shape to fit the curve of the holler, so as to raise it ihiee or fonr 
inches above the platform. The sheet iron is continued uj> the out- 
sides of the outer boilers as to enclose them ^ and at one end, 

between the boilers, there are small grates for coal or other f«el« 

The tar vessel or vessels are lod^ in the space between, and 
nponthe boilers, and a small fire may be made under them if necet* 
eary. A pipe leads steam in at one end, two pipes at the other y 

one near the bottom, one near the top, lead out the tar and steam. 
These pipes unite below ; the hteam and tar thus mingled, in suitable 
proportions, flow to the plain fire or the flues of the boilers, as well 
as to the coal hre below, where the gas and tar are ignited. The 
iireman judges of the proportions of each by the effect ; the oliject 
being to prodnce a nearly white flame, withont appearance of tar. 
Thus flame is ap|ilied to the greatest possible sQrfoce,<and the appn- 
ratus adds very little cost to the engine. 

Mr. Morey has also made two other improvements in the boiler. 
The first of these consists in lioing or covering the flue within with 
sheet iron or copper, perforated with small holes, reaching down its 
sides nearly to the bottom. By this contrivance the water is made 
to circulate rapidly between the flne and the Ihuog, np to the lop of 
the floe, and thns protects it from being run dry, or heated red hoti 
when the water gets by accident too low. In consequence of this 
clrcnlation, the lining causes the steam to form !ni>ch faster. 

The otiier improvement consists in an interior boiler or vessel, 
occnpying the back part of the fine, and communicating downwards 
with the water, and upwards. 

Several engines of Mr. Morey 's construction have, been erected. 
The Hartford steam boat, 77 feet lonf , 91 feet wide, and 136 tons, 
is propelled by one of then. In this vessel, the engine with its 
boiler occupies a space of 16 feet by 12, or one-eighth part only of 
the boat; the cylinders being hung in the timbers of the deck, over 
the boilers. The two cylinders are 17 inches each in dian>eter, and 
have a stroke of 18 inches, and revolves 50 times in a minute. The 
area of the piston being about 227 inches, it will, when worked 
with steam of 50 lbs. have the power of 100 horses. 

The Rotative^ Engine of Mr. Onions, of Bristol, patented 1819, 
differs essentiaUy from all we have described. The invention con- 
sists of an lanms or boUow ring con n ecte d by Mlew nrmi, with 



t molvlog abaft alao holknr. The ateam ia ad ai ttad at one end of 
lUa ahaft^ passes through one of the anaa^ and thereby geta Into the 
rin in which aiie?alfea ao plaeed aa to prevent the steam from acting 

in more than one direction. The annulus is nearly hrilf filled with a 
metallic alloy composed of eiifht parts of bismnth, fire of lead, and 
one of ijuicksilver. The property of this alloy is, tliat although solid 
at the common temperature of the utmospkere^ it becumeb Huid in 
boilioff water or ateam. The ateam> therefore, when intiodoced into 
the wheel after firat fesing the altoy, fovcea It op on one aide of the 
wheelj thereby makiug it heavier than the other : the netal, in at* ■ 
tempting to regain its eqnilibrinm> causes the wheel to revolve} and 
the supply of steam beinpr continued the revolution is kept up. For 
a more perfect comprehension of this machine our readers may inspect 
the drawing we have given of Watt s Rotative Engine^ at page 46, 
where the operation of the valves, and entrance and escape of the 
atean, ere effected in a aonewhat aimilar manner. The mncfainea in 
laet will be nearly the Bvme, if we anppoae Mr. Watt*a weight to be 
n flnid instead of a solid one. 

A singular mishap befel this machine oo its first trial. It is 
a property of bismuth that, like water, it expands as it crystallizes 
or becomes solid, so that, on tlie uioi ning succeeding its trial, the 
engine was found broken or rather burst into small fragments, owiug 
to the expansion of the alloy. This result, therefore, proved that in 
effder to preaerfe the engine, it waa neoeaaary eitlier to heep it eon- 
ataatly hot, or to remove the metal before it became solid ; either of 
which WQuld be a sufficient objecUon to its adoption. But there are 
besides, other difficulties to contend with in this kind of engine, 
which we shall notice in our remarks on Masterraan's Steam Wheel. 

A short description of Treviihick's Loco-motive Engine was 
{^ven at page 1 10. It appears that the more geuerai adoption of this 
oaadiine waa prevented by a fiear tint the whoela woold not adhere 
anIBdently to the snr&ce over whieh it ^laaacd, bnt that they woold 
slip round witliont prodndng loco-motion when any tolerable load 
wia attached to the machine. To obviate thia imagined difficulty 
Mr. Blenkinsop, of Middlelon Co]lien,% near Leeds, obtained a patent 
in 1811, for the application uf a rack or toothed rail laid down on 
one side of the railway from end to end. Into this rack a toothed 
wheel is worked by the steam en^ne: the revolution of which wheel 
prodncaa the neceaaary oMtion without any of the sluing alluded to. 

The aceompanying figure will convey to onr readera an idea of 
Mr. Blenkinaop'a plan. The boiler jp ii phced on a wooden or cast- 
iron, frame Through its interior passes a wrought-iron tube of 
sufficient diameter to hold the fire and grate ^ this tube is carried ont 
at the fnrther end of the lioiler, when it is bent upwards and con- 
tinued sufficiently high to form the chimney s. a a are two working 
cylinders fixed in the boiler, and which work in the usual way^ the 
piston foda are connected by croaa heada to the connecting rode 6 d. 
Tbeae connecting roda are brought down on each aide of the iMnler 
end there joined to the cranks c c, (there beioff corresponding cranki 
on' the other aide of the machine) which are placed at right anglea to 
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each other, consequently t!ie two cranks on the first shaft are hori- 
zontal and at their greatest power, at the time the other two are 
passing the centre. Upon these shafts are fixed (under the boiler) 
two small toothed wheels, \vhicl» give motion to a larger toothed 
wheel e, fixed upon a third axle. A toothed wheel, f, is firmly 
keyed to the end of the central axle, and revolves with the wheel e. 
The teeth of f correspond with, and work into a rack, H R, stretched 
along one side of the railway. Motion, therefore, is given by the 
pistons to the wheels dd, which they communicate to the wheel fb)' 
e: a. progressive movement is j:iven to the carriage by the teeth of / 
taking hold of the rack. . '* " 

By this means the load can be drawn up a greater acclivity thari 
by the machine of Messrs. Trevithick and Vivian, the only objection 
being that the power is applied on one side only, which must have a 
tendency to force the flanges or projecting rims of the supporting 
wheels, against the edges of the rails, by which an extra friction 
would be produced. This, however, is a trifling inconvenience, and 
is not found in practice to deduct much from the effect of the engines, 
several of which have, since the date of the patent, been in constant 
use in drawing coal waggons between Middleton Colliery and Leeds. 

In the year US 13 Mr. William Brunton, of Buttcrly Ifon Work*, 
• atso obtained a patent for a mode of giving motion to carringcs by k 
Very novel contrivance. • . v 
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The present engraving represents this Loco- motive Engiae, which 
he terras his ** mechanical traveller The boiler is nearly similar 
to that of Mr. Blcnkinsop's semi-circular (circularj ; there was a 
tube passing throogh it to contain the fuel." The cylinder A was 
placed on one side of the boiler; the piston-rod is projected out 
behind horizontally, and is attached to the leg a b, at a, and to the 
reciprocating lever ac, which is fixed at c; at the lower extremity 
of the leg • 6t feet are attached by a joint at Itj these feet lay a firmer 
bold upon the ground, being furnished with short prongs, which 
prevent them from slipping, and are sufficiently broad to prevest 
their injuring the road. 




On inspecting the drawing it will be seen that vvlien the piston 
rod is projected out from the cylinder, it will tend to push the end 
of the lever or leg a from it, in a direction parallel to the line of the 
cylinder; but as thcleg ad h prevented from moving backwards, by 
the end b being firmly fixed upon the ground, the rc-action is thrown 
upon the carriage, and a progressive motion given to it, and this will 
be continued to the end of the stroke. Upon the reciprocating line 
av is fixed at 1, a rod, 1, 2, 8, sliding horizontally backwards and 
forwards upon the top of the boiler; from 2 to 3 it is furnished with 
teeth, which work into a cog wheel, lying horizontally; on the oppo- 
site side of this cog-wheel a sliding rack is fixed, similar to I, 2 3 
which, as the cog wheel is turned round by the sliding rack, 2, 3 is 
also moved backwards and forwards. I1ie end of this sliding rod is 
fixed upon the reciprocating lever dc, of the leg d e, at 4. When 
therefore, the sliding rack is moved forwards in the direction 3,2, ] ' 
by the progressive motion of the engine, the opposite rod 4, is moved 
in the contrary direction, und the leg is thereby drawn toward.- 
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the engine^ and, when the piston rod is at the farthest extremity of 
the stroke, the leg d e will be broui^lit close to the engine; the piston 
is then made to return in the opposite direction, moving with it the 
leg a b, and also the slidiog rack 1,3, 3 ; the sliding rack acting on 
the toothed wheel, cmues the other slidiDC rod to move in the con- 
trary direction, and iriih it the leg 40. Wiienever, therefore, the 
pittOD is. at the extremity of the alroke, and one of the legs is no 
longer of use to proppl the engine forward, the other, immediately 
on tlie mol-iou of the piston being changed, is ready in its turn, to 
act as a iiilcruin or abntinent for the action of the moving power, tO 
secure the continual progressive motion of the engine. 

^ The feet axe raised horn the gronnd doring the retom of the 1^ 
towards the engine^ straps of leather or rope fastened to the legs 
at //, passing over friction sheeves^ moveable in one direetion only« 
by a ratchet and catch worked by the motion of the engine . The feet 
are described of various forms in the specification, the great objeet 
being to prevent them from injuring the load, and to obtain a firm 
footing, that no jerks should take place at tlie return of the stroke, 
when the action of the engine came upon them ; for this purpose they 
were made broad, with snort spikes to lay hold of the ground.* 

The next attempt we find to produce a looo-motive steam engine % 
is in the patent of Messrs. Dodd and Stephenson, of Newcastle upon 
Tyne, a description of which we extract from Mr. Wood's work on 
rail roads. The patent was dated February 28, 181 5, and consisted 
of the application of a pin upon one of the spokes of the whceh that 
supported the engine^ b^- witich it travelled upon the rail rosui, the 
lower end of the connecting rod being attached to it by what is tmmed 
a ball and socket joint ; the oth^ end of the eonneeting rod bdng 
attached to the cross-beam, worked np and down by the piston. 

a b represents the connecting rod, the end a attached to the cross 
beam, and the end b to one of the spokes of the wheel ; in like 
manner the end d of the connecting rod c d, is attached to the beam 
of the other piston, and h and c to a pin fixed in the spokes of the 
wheel B. By these means, the reciprocating motion of the piston 
and connecting rod Is converted by the pin upon the spokes acting 
as a crank into a rotatory motiottt and the continnatioa or this notion 
secured by the one pin or crank being kept at right angles to the 
other, as shewn in the drawing. 

To effect this, the patentees had two methods to crank the axle 
on which each of the wheels were fixed, with a connecting rod 
between, to keep them always at the angle, with respect to each 
other 3 or to use a peculiar sort of endless chain, passing' over a 
tooled wheel on each aile. This endless chain which is now selsly 
used upon these kind of engines* consisted at first of one broad and 
two narrow links* alternately fastened together at the ends with 
bolts J the two narrow links \vere always on the ontside of the broad 
link ; consequently, the distance they were separated laterally would 
be equal to the breadth of the broad link, which was generally about 



• Wood on Rail Road«. 



by Google 



STEAM BNOINB. 



161 




two inches, and their length three inches. The periphery of the 
wheels fixed upon the axles of the engine, were furnished with cogs, 
projecting from the riin of the wheels, (otherwise perfectly circular 
and flat) about an inch or one and a half inches. When the wheel 
turned round, these projecting cogs entered between the two narrow 
links, having a broad link between every two cogs, resting on the 
rim of the wheel j these cogs, or projections, caused the chain to 
move round with the wheel, and completely prevented it from slipping 
romid upon the rim. When, therefore, thisciiain was laid upon the 
two toothed wheels, one wheel could not be moved round withont 
the other moving round at the same time with it ; and thus secured 
the proper angles to the two cranks. 

This mode of communicating tlie action of the engine, from one' 
wheel to another, is shewn in the drawing; the wheels A and B* 
having each projecting cog wheels, round which the endless chain . 
passes. This contrivance entirely superseded the use of the cog 
wheels, and were without the jolts or jerks incident to them ; for, 
when the chain got worn by frequent use, or was stretched, so as ; 
to become too long, one of the chains of the axles could be moved : 
back to tighten it again, until a link could be taken out^ when the . 
chain was moved back again to its former situation. 
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II win be seen from this description tbit Messtt. Dodd aod Go's 

improvement consisted, ibwefore, of a renovation of IVerethick*! 

plan of propulsion by the mere friction produced by the contact of 
tlie wheel and rail. The only material difference between the two 
plans being in the usin^' of two cylinders instead of one, and in the 
method of coauectiu^ the axies &u as to caube tlie cranks to continue 
working at rigbt anises to each olber. Tbe purpose of tbit It will be 
ondoratood was, tbat wben the ope crank was wbat we call passing 
the centre the other was at its greatest power^ and consequent^ aidea 
the former iti its revolution, wben for want of a fly wheel it wonid 
have to stop ii^ that situation. It would appear however that this 
plan wdn fuuiid insufficient to produce a proper effect, for we tind 
that Mr. Stephenson in conjunction with Mr. Losh procured a second 
patent in 1810, for some improvements upon it These improve- 
ments ooosisted in the applieation of steam cylinders placed under 
the boiler and upon tbe axles of the wheels : into which were inserted 
pistons^ the rods of which were attached to bearings wherein the 
axles worked. These pistons being acted upon by the steam in the 
boiler^ ])erformed the pnrt of springs and served the double purpose 
of keeping all the wheeli^ pressed upon the rails when owing to any 
undulations^ there would otherwise have been a tendency in the 
eirriage to have rested only on three, or perhaps in some instances 
OO but two of the wheels, and of preventing any material injury to 
the madiinery by jolts, liie drawing which we use for explanation 
is the same as Dodd and Co*s, and shews six wheels, but by trial 
it has been found that four were quite sufficient. 

The patentees state that : — in what relates to tlit: loco motive 
engineii, our inventioa consists in sustaining liie weighty oi a pro- 
portion of tbe weight of the engine upon pistons, moveable within 
cylinders, into which the steam or water or the boiler la allowed to 
enter, in order to press upon soch pistons ; and which pistons are, 
by the intervention of certain levers and connecting rods, or by any 
other effective contrivance, made to bear upon the axles of the 
wheels of the carriage, upon which the engine rests. 

e e e shew the cylinders placed within the boiler, one side o£ 
which, in the drawing, is supposed to be removed, to expose them 
to view. They are screwed by flanges to one side of the boiler, and 
pcoject within it a few inches j and are open at the top, to the 
steam or water in the boiler; gggm solid pistons, filling the 
interior of the cylinders, and packed in the common way to render 
them steam-tight. The cylinders in the figure are drawn as cut 
through the middle to shew the pistons. The cylinder is, also, 
opened at the bottom, and screwed upon the frame of the engine, 
«• represented at a «, Fig. 8. Tbe pistons are famished with a rod. 
In a similar way to other pistons, inverted and securely fixed to it ; 
Ibt' lower end of which pusses through a hole in the frame which 
supports the engine, and presses upon the chain which rests on the 
axis of the wheels on which the carriage moves The chain has 
liberty to move up and down with the piston rod, AVheii, therefore, 
the steam presses upon the piston^ the weight is transmitted to the 
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axiQ by the pistou rod^ and the reaction of that pressure takes at 
much weight off the engine. If, therefore, the cylindera m of 
eoflident area, eo thai the preeenre of the steem epon (he whole of 
the pistons is eqoal to the weight of the engine, the engine will be 
lifted op, as it were» or entirely supported by the eteoni, which thne 

• forms a kind of sprnic^ of the nicest elasticity * 

These loco-uiotive engines have been long in use at Killinirsworth 
coUiery, near Newcastle, and at Hetton Colliery, on ilie VV'ear^ so 
that their advantages aud defects have beea su&cicatly stiiymitted to 
Uie test of experiineDt} and it appean that, aotwithstftiraing the great 

• exertions on the part of the inventor, Mr. StephenMo, to brin^ them 
into nse on the different rail-roads pow either coostnicting or in agi- 
tation, it has been the opinion of several able engineers, that they do 
not possess thosr nflvantatjes which the inventor had anticipated ; 
indeed, there cannot Ik- ;i better proof of the doubt eutei tained re- 
garding their utility than tlie fact, tfiat it has been determined that 
uo loco-oiotive engines shall be used in the projected rail road between 
Newcastle and Carlisle, since, had their advanta^ been very ap- 
parent^ the persons living immediateiy on tlie spot in which they are 
used, namely, Newcastle, wonldhave been acquainted with then. 

The principal objections appear to be the difficulty of sormonnting 
even the slightest ascent j for it has been found that a rise of only 
one-eighth of an inch in a yard, or 18 feet in a mile, retards the 
speed of one of these engines in a very great degree, so much so, 
indeed, that it has been considered necessary, iu some parts where 
they are used, to aid their ascent iHth th^ load by fixed engines,^ 
which drag them forward l>y means of ropes ooittng ronod a dmni. 
Hie steam cylinders below the boiler, which ewtsfSlMMf the patent, 
were found very defective, for. in the ascending stroke of tho 
working piston they were forced inwards by the connecting rod 
pulling at the wheel in turnlug itr ound, and in the descending 
stroke the same pistons were forced as much outwards; this 
motion or play rendered it necessary either to increase the length 
of the working cylinders as much as there was play in the lower 
ones, or to incur the danger of breahinff or seriously injuring the 
top and bottom of the former by the strinng of the piston, when it 
is forced too much up or down. As our meaning may not be folly 
comprehended without cltuidation, let ns imagine the cylinder of a 
common beam engine to be set upon springs, which have a play of 
one foot : tlic weight of the cylinder, when at rest, depresses the 
Sjpring six inches, but if the engine be put in motion, then as the 
piston ascends and gives motion to the nmchiaery, the springs below 
the cylinder being, as it were, the abutment n^n which the eteam 
acts, are forced downwards against their seat, with precisely the force 
that tlie piston exerts in overcoming the resistance of the machioery. 
In like manner when the piston descends, as much weight or pressure 
will be taken off these springs by the same means. The cylinder 
would, therefore, vibrate or dance upon the bearing springs; ; and, as 



* Waod on Rail-roads. 



» 



^ lilSi;0^¥ iOF THE 

the notion wtrfoh it lliw obtatm is the reverse of tUe motion then 
given to the pistOD^ the loogth of fho oyjinder should be lengthened 
to allow for the extreme vibration to wbieh it is Usblo. A quantity 
of steam ivonid therefore be lost in filling up this extra length of tl|e 
cylinaer at each stroke. This would also happen if the cylinder were 
Juped as nsual, and the carriac^cs of the crank and fly wheel supported 
npon springs, and this arrangeoient would then be exactly the same 
in prinoiple and eifect as the parts of tiie loco-motive engine to which 
we now allude. . 

Mr. IVevithick's pajteatof 1816 is introduced a oobmn or rii^ 

of water, which running round the piston readers the whole air-tight» 
By this means he avoids a great proportion of the usual friction, a 
very moderate degree of tJcfhtness in the packing, being in practice 
found sufficient to prevent the passage of so dense a fluid as water. 
The second part of this invention consists in causing steam of a high 
tevpcfitore tospoot out against the atmosphere^ and by its recoiling 
torc» to prodacd a motion In a direction contrary to the issuing stream, 
similar to the motion produced in a rocket wheels or to the recoil of 
agun, by which means a rotative action is produced. Mr. Trerithiok 
also describt s tlirce other improvements on the high-pressnre engine^ 
^e latter of u hlch, though only appiied to nautical purposes, is by 
w .the most important. It consists in employing a spiral worm or 
screw, similar to the Tanes of a sinoke-jack, which^ being made ta 
levolve at the head or stem of the vessel, prodooes the reqniied 
netioo. 



Mr Turner's Rotative Engine, patented in 1816, displays 

ordinary ingenuity and excellence ; we therefore give a more enlarged 
aocoont of it from the specification than of most other such inventions. 

** Fig. 1 is a plan of the engine , represented as if opened to show 
the internal structure. Fig. 2 h anothei plan. Figs. 3 and 4 are sec- 
tions, taken throi^h the axis of the engine In diflbient directions, ta 
show the internal parts. A A, BB, CC, is the cylinder or external 
case of the engine, made ia two or wame parts, which are ihsten^ 
together with screws, so as to form a circular or annular passaA^ 
the transverse section of which is likewise circular, as shown at EE, 
Figs. 3 and 4; the piston F, Fig. 1, is accurately fitted into this 
circolar passage, and is caused to revolve therein by the pressure qf 
the steam, wbidi is applied hdnnd it or on the dde F, whilst n • 
vacuum is made before it, or on the side 6. The piston being con* 
neoted with n central plate 6, which is fixed fast upon the axis or 
shaft H j the said shaft is put in motion, and by wheel work I, or 
other machinery which is best adapted^ the power of the engine is 
communicated to any usefid purposes to which it is intended to be 
applied. The means by which the force of steam is made to produce 
the rotatory motion is as follows : two valves or sliders, K and L, 
are appiied at the opposite sides of the annnlar passage or cylinder, 
£ £, in the manner represented in Figs. 1 and 3. The edge of the 
central plate G, which has the projecting arm to commnuicate with 
the piston, must be made so that they can be made to shut up the 
passage of the cylinder, ££, as represented at L, and prevent the 
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passage of the steam through the same, or the slider may be opened, 
as shown by the dotted lines » to allow the piston F to pass freely 
through the cylinder; this is done by moving it sideways on its 
centre 3 out of the cylinder into the box or case M, which is provided 
for its reception. The sliders are put in motion by a communication 
from the outside of the engine, so that each one shall begin to open 
as soon as the piston F approaches it, and shall be completely opened 
whilst the piston passes by, and that it shall then descend again upon 
its seat, NO, Figs. 1 and 4, are two passages, through each of 
which the steam is alternately introduced and withdrawn from the 
cylinder ; the two passages are placed on opposite sides of the centre 
of the engine, and are provided with valves or cocks, which are 
adapted to be opened and shut by the action of the machinery in such 
succession, that when steam is entering from the boiler, into the 
cylinder at one passage, it shall be going out into the open air or to 
the condenser at the opposite passage. The machinery which actu- 
ates the slides, K L, and the machinery which opens the valves for 
the admission and exhaustion of the steam through the passages N 
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Mid Ml8 ift concert with cadi otter/ iuidalio witii- fie nolioii. of: 
Ibe uistoQ F, to tbat, ao sooD 'as potiiblc after the piston lias paned 
by ue seat of a slider, the iiiame shall be lowered down into its place 
ready to dose the passage of the cylinder behind the piston^ and the 
instant the piston has passed by the next opening the steam is ad- 
mitted to flow therein, and act between the slider and the piston^ to 
force the same forwards in the cylinder by its expansive force. To 
explain the actioa of the engine more, clearly, suppose the parts ia 
the position of Fig. 1 $ the wider h is shat^ and the steam la flowbg. 
Hiroogh the passage O into the space between the slider L and the' 
piston at the same passage N is open to the condenser, to exhanst 
the steam from the remaining part of the cylinder, and remove the 
pressure from the front side G of the piston. In consequence, the 
pressure of the steam acting behind the piston of the side F, puts 
the same in motion in the direction of the arrow, and drives the arm 
of the central plate before it. The slider K, now in the act of 
opening, and by the tine the projecting part of the |dafib Q arrives at 
its seat, it will be qnite open into the box M> irhere it will remain 
nntit the piston F has passed by its seat} it then begins to descend, 
and by the time the piston arrives at the opening of the passage N, 
the slider K will be completely shut and stop the cylinder. The 
instant the piston has passed over the opening of the passage N, the 
Steam valves are changed by the machinery, so as to admit the steam 
into the passage N, and also to allow the steam to pass. away through 
tlie other passage O to the condcDier | in eonseqtfence the steam 
enters the space between N and K, and thns, being behind the piston, 
driTCS it still forwards towards the aUder L, which immediately beginat 
to rise by the action of the machinery, and as soon as the projecting 
part G of the central plate approaches it, it will !iave retreated into 
thv box M, leaving thecyHiHler free for the passage of the piston. 
Immediately after the piston has passed the slider, L descends again^ 
and gets settled to its place by the time the piston arrives at .the, 
opening O ; and the instant the piston hn paaied over this opening: 
the steam valves are changed again, so that the steam will be ad- 
mitted at O behind the piston, and act between the slider L and tlie. 
hack of the piston to force it forwards, wliich is the same position 
represented in the figure. By this means the pressure of the steam 
is nlways made to act behind the piston, and the vacuum is made 
before the same. The sliders K and L are put in motion by levers 
9 and 10, which are fitted on the outsides of the boxes M, bot move 
npen the same centre pins 3, aa the alhlera move npon within aide 
the boxes, the levers being forked, as shown- nt Fig. 5, to reach on 
each side of the boxes, and the centre pins 3 pass through the sides 
of the boxes, and also through both forks of the levers 9, 10, but do 
not tnrn round in the holes. To rommnnicate motion from the levers 
at the outsides of the boxes to thn valves wlthinside, curved rods, 
11 , 1 i, are carried from the levers through the sides of the boxes M, 
and jointed to the arm of the sliders ; stuffing boxes are formed ronnd 
the-nda to make tight iitttnge wliere they pass tbrongh.the mdea.of 
IbellraM M; the ends eCthe levers, 9, 10, are made to bt iadnded 
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ilr an taaotdc grooM oi^ iiia 2 1f» 0x«d to' Iha oentnil '«kU H ^ the 
• form of tilis is sliowii ki Fi£[. fi» and is sodi as to lioM sltdan shntr* 

except durtDg tlut ttine that it is necessary to lift up the same to alloir 
th^ piston to pass by. To make the sliders fit steam-tight when they 
are shut, tbey are made rather larger than the diameter of the cyKn- 
der, and are received in grooves made round in the inside thereof, 
and the valves are ground against one of these faces of each of these 
srooves^ so that tbey will bt tight without any packing. The piston 
n made of several sfgrneati pat topfetlier, with springs bebiiid ilieia 
to thrair them ont against tie Inside sorface af the cylindsr^ sad it 
is thus made tight without any packing of hemp. 

** The edge of the central plate which has the projecting arm 
to comronnicatc with the piston, must be made to fit tight between 
the npper and lower halves which compose the cylinder, so as to 
nrevent the escape of steam between them, and at the same time 
wsTing the said plate freely at liberty to rcwohre ia tlia spacaf for 
this pprpose the edge of the {date is sorroandcd twona^i of bfM8> 
5 and-0^ which are laid one upon the other With spriags between 
them, so as to throw them against the upper nnd lower surfaces of 
the central space, to which they are accurately fitted by grinding j 
these rln^ extend round rather more than half the circumference of 
the pla^e G, and arc attached thereto by a joint pin 7> Fig* 1> which 
anises them to revol?e with it ; bat they re(|uire no other la^eaing, 
as thejpreBsars af the steam will keep them m their places, 

" To prevent the escape of the steam through the opening or 
division between the two rings 5 and 6, a third ring, 7, 8, fitted to 
them, cover the joints, and the external edge of this which is made 
round or serai-circular like a bead, is received into corresponding 
notches made in the edges of the sliders, and thus to make a btting 
between the edges of the sliders, when the same are dosed, and the 
edge of the moveable oeatral plato. The vslves which sre to adaut 
alteraately the steam into the passage N may be constroetad ia . 
the same manner as the valves for the alUnuite supply of the upper 
and lower part of the cylinder of any common steam engine; but the 
most convenient manner of doing this is shown in Fig. 4, Q Q, is an 
iron box, into which the sterun from the boiler is admitted; this box 
is fixed beneath the cylinder oi tlie engine^ 17, IS are two.openings 
ftam irtddi carved tabes proceed upwards to the openings MO of 
the eyliader J tliere are siso two other openings, 19. and whidi 
tarn downwards with crooked tubes to the condenser S. 7^ V are 
boxes or cups fixed at the opposite ends of a lever T W V, of which 
W is the centre of motion; the boxes or caps are intended to cover 
the openings, in the manner represented by the figure, and the faces 
or edges of the boxes are ground to fit close upon the flat plate or 
ioriSMe, in which the openings 17 and 18 are made. Wliaa the box 
T IS ap, as hi the figure, it covers the two openisgSj 17 and 19, so. 
as to eonnsct them together, and thevefiira the steam ia the eyliader 
will be drawn off through 17 and 19 to the condenser; at the same 
tioie the box V at the opposite end of the lever is drawn, and in this 
position the box leaves the opening 18 aaco¥ered^ so that the steam 
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with which the box la filled will have free passage into the cylinder^ 
by tnovi Dg the lever T V on its centre W, sufficiently to raise op the 
box V, aod depress ttie^other T, the action will be exactly reversed^ 
vis. the box V will coonect the openings 18 leading from the cylinder 
at the opeaing fOf which leads to the condenser ; and the opening 
17 win he nneovered, t\% to admit the steam from the box tbroagh 
it iuto the cvliinlcr at the opcuinij^ N." 

There is great iiigeuuit v disjilaved i;i tlic formjition of this machine, 
and the whole shows much mechanical abilityj nevertheless there 
are defects of a snffidently prominent nature to acconnt for its failure. 
The .very coiiimon fault of great friction, arising from the use of ^ the 
revolving plates* is here a difficnlty which we conceive could uot be 
readily overcome ; but the principal cause would be leakage, arising 
from the impossibility of keeping the rnbbinj^ surfaces steam-tight. 
This leakage would take place principally in the [lart where the sliders 
should be in contact with the central platej it appears to ns that the 
rapid motion of the slider must necessarily cause it to rebound from 
the plate, and leave an open space for the escape of the steam; we 
also apprehend that the surfaces of each slider would in a short time 
become so irregularly worn, that it would not fit its seat on the sur* 
face of the groove, for the top and bottom of the slider is constantly 
in contact with the surface of the groove during the whole of its 
motion, whilst the sides (speaking relatively, for there can be ueitiier 
tops nor sides of a circle) are merely in contact at the time the slider 
is moving through a space equal to the depth of the groove. This will 
produce a greater wear on one part of the slider than anotherj and of 
course, in time, cause the joint to allow an escape of steam. 

Another fault in this machine is, that the mode of working the 
sliders bv means of the semi-circular rods is averv insecure method; 
and from the indirect application of t!ic power necessary to work 
them there is a constant danger of bending the rods, and, conse- 
quently, ieaviug the slider in the groove. If this were to happen, the 
' piston in its revolution would come violently in contact with the 
sfider, and most likely cut it in twoj or otherwise injure it and the 
rest of the engine beyond repair.^ 

A patent was obtained by Mr. Joshua Routledge, of BoltoD*le- 
Moor, in t!ie vear If^lH, for a Rotative Enijfinp, of which the aocom* 
panyini^^ di awiug is a section, and may be thus explained. 

8n[)pose the steam-stop C, and the lever H d, to be properly 
packed in the situation represented by the drawing, so that the steam 
cannot escape past either one or the other, it wiU be evident that if 
the steam Is admitted thrcfugh the pipe 6 into the space M, the lever 
H 6 will be propelled for warn towards C through the space Q, until 
the sloping part H comes in contact with the lower point of the steam 
stop C, which will then torn upon a steam-tight joint or centre 



• The author of Stuarf 8 History of the Steam Enaoe states—" that the 
general arrangement of the parts and manner of action w tids engine resemblea 
Mr. Mead's." T^is apology for omitting the ingenious apparatus of Mr. Mead 
is suigular enough, ^ce no two machines we hava desciibed can differ mach 
■Nft than these. 

T 
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and rise np iuto ilie box or chamber D until the lever H i h:is passed 
by. The pressure of the steam then compels the stop C to follow 
the lever down the inclined piano 6, until it comes into its former 
resting place, where it remains stationary upon the cylindrical part 
of the lever, as seen in the draw ing, until again raised by the sloping 
part H as before. During the time that the point H ^ is passing the 
Bteani-stop C, the steam that had last carried the lever round makes 
its escape through the pipe B, either into the open air or into a 
condenser, and new steam is again instantly admitted^ and so on 
continually. When the engine is thus constructed with only one arm 
or lever, there is about one-tenth of the circle or revolution where 
the steam has no power -, the motion of the engine is then kept up 
by the velocity already given to the fly-wheel 3 but when two arms 
or levers are used, as in large engines, then the steam is made to 
act with equal force tlirongh the whole of the revolution. 

A patent was obtained in the year 1818 for a Rotative Engine, 
by Mr. John Malam, of Westminster, which in its general principle 
resembles those of Messrs. Cartwiight, C hapman, and Routledge: 
the details, however, somewhat differ therefrom. The main point of 
difference is, th.it Mr. M;d;»m proposes to cause his external cylinder 
to revolve and leave the interior one at rest. This he proposes to 
effect by using a ''leaden piston," which by its weight will always 
remain at or near the lowest part of the circle, whilst the steam acts 
upon valves or flaps which, after they pass the piston, open out and 
receive the action of the steam. There are three of such valves, which 
are exactly the same those used in the engines of the persons just 
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raentiotied, and operate m tUe eatne way. The pistoa consistB of a 
heavy block of lead, fitted exactly by packing or otlierwise to the 
c^inder; aud the whole apparatus differs so Iktle in otlier respects 
from HMwe, that it is apprehended no fortber description will lie 
iKSOetsary. The motive of the patentee in causing the external cylls^ 
der to revolve was evidently to avoid the inequality of wear wbicii 
may arise from fixing the external cylinder, and making the internal 
parts to revolve; for, in the latter method, the axis and machinery 
attached to it have a tendency to wear downwards tiy gravitation, 
and get out of truth; this would in time cause the cylinder to assume 
an oval form, and thereby reader it di&cult to be kept tight by 
pncking, and this (it sbotald be observed by the way) has be«i con- 
sidered as one objection among tbe many urged against rotative 
'eaginesx though, perbaps, if every other ooold faie overcome^ this, on 
•acoonnt of the length of time wblch most elapse before it could 
occasion a serions inconvenience, would not operate lio prevent the 
nuccessful application of such an ertL^ine. 

But it must appear to all that ttie patentee 8 plan of obviating 
tbis evW is but a clumsy and ill-contrived one. The valves out of 
the question (the faults of which have been already explained) we 
cannot for a moment tbink that the weight or piston eonld -oibrd an 
abutment of rafficlent firmness and steadiness to prodnce any regaiar 
and eqoaUe motion; indeed, we doubt whether any weight placed as 
this was, could remain stationary whilst passing over the inequalities 
of such a cylinder, and cndnnng tlie varied force of tlie steam upon 
the changing of the vah es. 1 here can be little doulit hut that it 
would vibrate to and fro as each valve opened mid shut, and 
thereby destroy as much power by reciprocation u» auy beaui engine 
ever known. 

. The same speeification likewise contains a dewription «f another 
rotative enginot in which tbe abutment consists of mercury, wttter^ 
or fusible metal» soch as lead and bismnth. In this engine there are 
three drums, the exterior one forms a casing or jacket to the second, 
and is kept heated by stejim or hot rur. These two outer drums are 
stationary, whilst the inner oj.o i cvoh cs npon its axis, one end of 
which is tubular for the admission of the steam. There are attached 
to the moving cyUuder certain curved partitions, which form cliambers 
something like' the bncheis of « water wheel* llie steam being 
introdoced throogh the hollow axte> after filling the inner cytioder^ 
flows into one of the compartments formed by 4he enrved pnrtitieii^ 
and pressing upon the fluid, causes the drum to rise on that side and 
revolve upon its axle; tliis suffers the steam to enter tlie compart- 
ment underneath the first, (in a manner not clearly described) and 
force it out of the fluid. The first comi>artment is by this time above 
the level of the fluid, and the steam at liberty to escape into the 
channel above, which communicates with a condenser or the open 
nir. The chamben are tbns filled with steam, and raised u snccies- 
• sion above the aorfaoe of . the floid^ i«nd prodoce a constant rotatitftt 
df the axis. 

This lattCTiKdreine differs l^t]e.fh>m ike Sloam Wheei of 8$r W. 
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CoDgrefe, which is simply an overshot wheel completely immersed to 
some liquid in which it is made to revolve by the introduction of 

steam underneath the inverted buckets^ which by displacing the water 
with whicli they afe filled, renders one aide of the wheel buoyant, 
and canses it to ascend. Bv t!iis means .ae buckets Lire successively 
brought above the induction pipe aaa filled with steam, which con- 
tiuucci the buoyancy of the ascending side, and keeps up a constant 
revolution of the axis. The steam in the buckets is discharged into 
the air as soon as they have reached the surface of the fluid, the 
latter then entering them and oocopying the place of the steam. 

Neither of these schemes are sufficiently meritorious to demand 
much considerntion, and only deserve notice because they have en- 
gaged the attention of highly-talented individuals. (Among these 
we do not mean to include SirWm. Congievc3 for whatever may 
be his cj^uaiifications in other respects, he has displayed but liltle 
talent in his attempts to improve the steam engine, and even in this 
scheme must yield the priority of idea to Mr. Malam.) Mr. Bryan 
Donkin and Mr, Malam have both tried the same plan, and found 
that the effect bore a very small proportion to the steam eiqMaded. 
This xvas mainly attributed, in the water engine, to the large quan- 
tity of exposed liquid which is to be maintained at a temperature 
equal to that of the steam, and to the difficulty of getting the steam 
into the buckets without allowing a considerable portion of il to 
escape through the water without at all aiding the revolotiou of 'the 
wheel. An insuperable difficulty also was encountered regarding 
the temperature of the water/ for if the water were below the boHiug 
point, a great portion of the steam was condensed, and if at or above 
that temperature, the water was speedily dissipated in vapour, and 
required to be replenished by more w ater, which, if not sufficiently 
hot, again produced condensation, but if it were used boiliog-hot, 
a separate boiler was necessary to supply tiie reservoir. 

Any one of these difficulties^ however, we apprehend would be 
sufficient to prevent success^ and this may account for the failure of 
the mercury engine of Mr.' Malam, in which it appears that the great 
evil would be the steam wasted, by escaping past the sides of the 
ooinpartinentsj for withont the nicest regulation of the supply of the 
steam, nut one half of it would take its place in the bucket, owing 
to the fdcllity vviih wliich it might displace the mercury and rush 
through it to the suiiace, and no to the cductiou pipe. We are not 
able to speak as to the oxidizhtion which would tain place on the 
mercury when exposed to constant heat» but we apprehend this 
%rould be very considerable^ and of course «dd to the defects -of the 
plan. 

We described in an earlier part of this work a very simple modi- 
fication of Savery's plan of raising water in the engine of Mr. Nun- 
carrow; and from the groat simplicity of another apparatus, on the 
like principle^ vve are induced to give an account of it. We allude 
to the machine of Mr. Pontifex^ of Shoe Lanoj London^ whose im<* 
provement consists, it will be seen, in. rendering the machine a self- 
acting one I but hesides this^ the dcQful arrangement of the parts> 



aod the precision and certainty of its movemeuto, maket it 
worthy oi attention. 
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** are two steam cylinders connected by cross tubes at c c, in 
each of which a vacuum is alternately formed by the condensation of 
elastic vapour, connected from the boiler by the bent tube dj and 
admitted to the steam cylinders by means of the sliding valve, e, ff 
two tubes perfnated with small holes for the admissioD of steam and 
ioJectioB water^ ^he latter of which Is distributed by falling on the 
strap, g. h the snction pipe, proceeding to the bottom of the well, 
which in no case ought to exreed from tu pnty-ci^^ht to thirty feet in 
depth J so that a vacuum being formed in the copper vessels, h by the 
water will be raised by the pressure of the atmosphere, and passing 
np the tube, will take the place of the elastic vapour, ii two 
valves placed at the upper end of the suction pipe^ h, which allow of 



m 



the upper passage of the water from the well^ bat prevent its return. 
Jj two similar ^ves^ opening into the air vessel^ k, to which in 
attached the nossle, I, serving to convey the water from the copper 
vessels to any required point, m the injection tabe, famished with 

a valve^ and intended to coDToy water from the box^ n, to the taper 

tubes, ^Z*. p stop cock to regulate the supply of condensing water. 
There is a tube passing from the bottom of the cistern, a, to the 
injection tube, m, and furnished with a stop-cock at s. To put this 
engine in action the steam must be first raised to the boiling point, 
and the valve or cock opened, which admits it to pass from ti^ 
boiler to the pipe <f. One of the buckets Diost now be made to de- 
scend, which will open the sliding valve, e, and admit the steam into 
the cylinder, b 1 . The atmospheric air, which will thus be expelled 
from the cylinder, is allowed to pass throut^h the valve, and nozzle 
/. The other bucket must then be depressed, and by its nrtion upon 
the sliding valve it will open a communicatiou for the injection water 
through the pipe, ^ ^, which passing down the perforated tube, 
will immediately condense the steam, and form a vacaum in the 
vessel. The whole pressors of the atmosphere being now remored 
from the snction pipe, k, the water will rush up to restore equili- 
brium, and the vessel, being filled will famish a supply at the bent 
tube, /. 

" Having cxnuiined tiie action on one half of tlie apparatus, we 
may suppose the barae effect to be produced on the opposite side. 
The steam will, iu the first instance, be admitted by the pipe, c, and 
a oommnnlcation aftorwards opened bv means of the slidiihg valve 
with the condensing water, which by reducing the steam to its original 
bulk, will form a vacuum, and the water will again ascend as in the 
first vessel. The stop-cock, must now be opened, and the bucket, 
X, (first described) made to descend, which will remove the sliding 
valve, to its original position, and admit the steam to the upper 
part of the first vessel, which will depress the water and cause it to 
flow through the valve, ^, and nozzle, /, while at the same time the 
water will pass through the tube, u u, in which tlie valve, z/;, is in- 
serted beneath the inverted vessel, v* The water will continue to 
enter the bucket, x, till its increasing wmght causes it to preponde* 
rate, and turn the sliding valve, e, in the opposite direction. Should 
there not be sufficient supply of water in the cistern, rr, for the 
purpose of condensing tlie steam in the larger vessel; the stop-cock, 
p, must be opened, and additional supply of water will then be fur- 
nished from the chambers, n », by the tube, tn; and in the event of 
the bucket not bemg depressed «t the instant that the water is es- 
jp^ttedfirom the chamber, of the vessel, the steam will pass 
through the tube, uu, and act between the under side of tiie fixed ^ 
inverted vessel, v, and the surface of the water in the moveable 
hurVet, .r, the descent of the bucket hein^ accelerated by the repel- 
lent force of the steam, so that, by the alternate action of the buckets, 
jr4?, the motion of the engine is rendered continuous. 

"It appears that each steam vessel in the engine employed at 
the City Gas Works, contains about 36 gallons of water, which is 
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raised about ^8 feet thrte limes e?ery two miontes i one bnsbel of 
cods, or two of coke» serriog tHie bdler about two liours and three- 
quarters.*** 

In 1821 a patent was obtained by Mr. Job Rider, of Belfast^ in 
Ireland, for a rotative engine which has been the subject of great 
encomium in several periodicals of the day, some of which have not 
hesitated to declare, that iu it was lo be found the solution of the 
grand problem hitherto sougl&t after in vain. Bat although we have 
been fiivoored with some very diffuse remarks by these works, all of 
them have omitted to notice the fact of its being nearly a fao*simile 
ef a m'achine patented by Messrs. Bramah and Dickenson thirty-one 
years previous to tliis date. *^ We do not mean to declare that Mr. 
Rider is not the inventor of this machine, because although a minute 
de9rri})tiou and engravini^ of it is given in one of the early volumes of 
the Repertory of the Arta, yet we well know that this work is too scarce 
to be fonnd in the hands of every inventive medumic: besides which, 
it is highly improbable that Mr. Rider would have incurred the ex- 
pense of a patent or patents for a machine which was notoriously the 
subject of a previoos one. It is, however, to be regretted that Mr. 
R. was not better informed on the subject, because the two plans 
resemble each other so closely, that one might almost fancy they 
had ht'on drawn from the same model. We refer oor readers, for a 
full explanation ui the principle, to page 68 of this work, and have 
merely to add, that a respectable manufactory in Scotland expended 
a very considerable sum in eonatmeting and applying one of these 
engines during the year 18^5, but have abandonei| it from the im* 
possibility of keeping it even tolerably steam-tight. 

Mr I'homas M as terman's rotatory engine, palfnMi) 1831 « comet 

next under our notice. 

Fig. 1 represents a vertical and central section of the troke (being 
that part of the engine which revolves). Fig. !i is a transverse sec- 
tion of it, and of thie two masks after mentioned. The troke is com- 
posed of the axis, of the nnelens (being the central parts, and throngli 
which the axis passes), of the annulus (being a hoUqw ring, in which 
are placed valves), aod of the radii (being the steam passages be- 
tween the nucleus and the annulos). The surface of the face is a 
perfect plane. The axis passes though the hole (1) at nrrht angles 
with the plane of the face. iSix holes (2) of similar figure and di- 
mensions with each other^ are sunk in the face, at equal distances, 
in a direction paraUel to the axis* for three or four Inches; then 
curving into a direction at right angles with the . axis, they open in 
the [jcriphery of the nucleus. 

The annulus (A) consists of six equal segments. At each of their 
joints is fixed a vhIvc, which, by being ground on its seat, is rendered 
steam-tight when closed. 

The radii (1, 2, 3, 4, 5, 6) are connected with the nucleus and 
anntilus, so as to form steam-t^ht communications between each 
hole in the face and the inside of the annnlos. Fig. 3 is a plan of the 
inner mask; b«ng a drcular plate of metaj« of equal diameter with 

* Part&ogton's History of the StMorBnglne. 



uiyiii^CG Google 



BTEAM fiNOlKB. 177 

the Uict, about two iuclics thick^ and haviogeach side perfect planes 
parallel to each other. 

There are four holes (1, 9, 3, 4) through it : I is of safficient 
aize to admit the axis ; %S, 4, are each one-sixth of the space that 
woold be included by completiug the two concentric circles, seg- 
inents of which form the side^ of those lioles; and those circles are 
described witli the same radii as the segtiientii of those which bound 
the holes in the face. Thus, each of these holes would extend over 
one of ike iioles in the face, and one of the adjoining spaces : the 
•pace between £ and 3 is of such dimensions as jast to cover com- 
pletely one of the holes in^tbe &ce. 4 is situated so as to leave 
equal spaces between it and 2 and 3. 

The periphery of this mask is clasped by an iron hoop, from 
which projects a lever, extending nearly to the annulus, and having 
a small inclined bar placed across its end. The two projections 
from hg. 4 represent the begiuuing of the lever. 

The outer mask is a circular piece of metal of the same diameter, 
fuid abo«t the same thickness as the inner mask. 

The axis passes through both maslcs $ the inner mask is placed 
next the face, the other next the inner mask, and both are kept 
closely pressed towards the face (by means of screws acting on 
the bfirk of the outer mask) so as to be steam-tight with each other 
and with the face: a trifling pressure suffices to make them so, the 
opposed surfaces having been ground on each other. Tlie outer 
mask is placed in such a position with respect to Ag. 1, as that the 
pipe 2 may be horizontal, and point towards rlidius, fig. and 
it always remains stationary. The inner mask is placed in snch a 
position with respect to the outer mask, as that the holes ^, 3, 4, 
in the former may communicate with pipes corresponding in the 
latter^ and thus form a communication between the pipes communi- 
cating with the boiler and the air. Thus the holes in the inner mask 
are for the same relative purpose as the pipes in the outer mask. 

The transverse sections of both masks, placed in their relative 
positions, are represented in, Ag. S. 

The corresponding letters in fig. 1 and 8 refer to the correspond* 
ing parts in figure: pp is the axis, gg- are its bearings. 

As the valves, and the gear for regulating them, are precisely 
the same in each segment of the annulos, only two of them (one 
showing their position closed, the other opeo) are lettered for refer- 
«nce. 

Each valve (f) h siuitar to the other, and opens in the same 
direction 5 its gudgeons, moving freely in sockets, fixed to tbe sidet 
of the annulus nearest the axis« 

Their working-gear is as follows : « is a small hollow pfotnbe- 

ranee or bonnet screwed on tbe annular, and communicaung with 
the inside of it; on one of its inner sides is a socket, on the opposite 
a stuffing-box I one end of a spindle works in the socket, the other 
passes through the stuffing-box to the outside of the bonnet; to this 
end is attached the lever ^, and to the ceotre is attached the lever 
« j both levers belog at right angles with the spindle, and. in the 
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opposite direction to each other. To the extremity of c is attached 
(by a moveable joiot) the rod d, and to the extremity 6 is ftxed the 
weight e, being more than snfficient to coonterpoise/, which is con- 
nected with it by means of a moveable joint at the other end of d, 
and attached to the centre of /. The ieven are bo placed as to cause 
/ to be balf open when they point to the ana. Thus it b evident that« 
dnring the revolntioos of the troke, two of the valves 0 on its as- 
cending side (denoted by the arrow) will, by the mere preponder- 
ance of e, be shut, and the whole of the others will be open, as re- 
presented in fig. 1 . 

For more easily compreliindinc: the action of these valves, let it 
be considered that their movcmeats are regulated by the mere gra- 
vity of tf. 

The machinery to whidi motion is to be imparted is attached to 
that end of the axis next fig. 1. 

The steam is generated and condensed in the nsoal manner. 

The principle on which the engine acts, is bv a liquid body 
(water or niercui*yfor instance) placed in the annulus, being pressed 
on one side of the troke by the steam, until that side gaia such a 
prepoudeiauce over the other as to overcome the resistance of the 

machinery attadied tothe axis, and by being then asstained tbere, 
80 as to mnntain the preponderance during the rerolutioii of the 
troke. 

The engine represented by the engraving is one iu which water 
is the liquid made use of in the annuhis. The manner in wluch it is 
worked is as follows : — 

The aimulus is nearly half filled with water, which need never 
be withdrawn. The troke is placed so as to have two of its radii in 
a vertical position. The steam-cock is tnmed } conseqnentl^ the 
steam rashes through the pipe and hole (9) in the outer and inner 
masks, and through the lowest hole in the face ioto the lowest ra- 
dios | and« after imparting to the surface of the water in that radius 
its own temperature, it presses such water downwards, and flows 
into the anuulus, condensing in the water therein, nntil it has im- 
parted to it, also, its own temperature, which will he rapidly ac- 
complished. On the temperatuies becoming alike, the steam will 
vbe through the water on both sides of the trolce, andj meeting with 
a closed valve on one side, will press the water which is beneatli it 
downwards, and consequently cause the water on. the other side to 
rise proportionably, until the preponderance thus given to that side 
be sufficient to overcome the resistfince of the machinery nttached to 
the axis, immediately whereupon the troke will begin to revolve. 
The load, or resistance of the machinery, rcmiiiniog the same, and 
the supply of steam being equable, the water will remain nearly sta- 
tionary daring the revolutions of the troke : its surfaces are denoted 
by the lines at n and o. . - . . « 

As the troke revolves, each of the holes In the face conunnoioates 
in succession with 2 in the inner mask. 

It shonki be borne in mind, tliat, as has before beea observed, 
the position of |.he inner mask is never so far changed as to prayeat 
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9.1IM1 3 therein commumcating with the correapODding pipes in the 

outer mask, when the engine is at work. 

By the construction, one entire hole in the face, or paits of two, 
eqoai to one, is, or are ;ilwa\ s in communication with 2 in the inner 
and outer masks 3 so that there is always an eqnable flow of steam 
into the aDnnlos, presenting the depressed surface of the water ris- 
ing widi the ascendinjr closed valve. 

The holes in the face, as they pass in succession from 2 to 3 in 
the inner ma«k> arc entirely closed by the space between them ; and 
immediately on communicating with 3, the steam confined betu een 
the two closed valves rnsbes from the anuuliis, through S, into the 
air, or into the condenser, if one be used. And until the same hole 
in the lace has passed 3, a communication with the air, or the con- 
denser, remains for the discharge of the steam« 

The pressure of the steam being thns removed from each valve> 
09 as it arrives at this point, it will, by the gravity of e, open as it 
begins to descend, (see the valve partly open in fig. 1) and thns 
nUow the column of water to remain on that side of the troke. 

The water will ftll the radii as their ends descend beneath the 
elevated snrface, and will remain there until the steam presses it 
out at about n, but cannot escape, if beiurc it enters them- the hole 
in the ftce has pressed the hole 3; otherwise, however, the water 
would escape through that hole into the air, or condenser. 

A uniform* rotatory motion is thus produced and maintained as 
long as the steam flows equably into the annulus, acting with a force 
proportionable to the preponderance of the water on one side of the 
troke over the other. This force is easilv estimated, being equal to 
the weight of a perpendicular colmiHi of water, having the difference 
of the two levelb for its altitude, and the area of a transverse section 
of the annnln for its base, pressing against the closed valve* 
• This description of Mr. Masterman's engine is copied from a pam- 
phlet published by Messrs. Underwood in 188S» which gives a very 
dear description of the whole machine, together \idth a detail of the 
comparative advantages the writer imagined this mrichirtc to possess 
over the reciprocal in one. Although this work, written nurcly for 
the purpose of elucidation, aiul proceeding from the pen nf a mecha- 
nic who may not possess much talent as a writer, can hardly be a 
lair snbject of criticism^ yet, as it will serve our purpose best« in 
treating on this macUne, to follow the author through some of his 
vemarks, we will step out of our usual course in the present instance. 

The difficulties which are stated to have been obviated or les- 
sened by the invention of this engine are, " 1st, The skill and nicety 
of workmanship required in construction and erection j 2nd, Tlie 
cost of construction and erection ; 3rd, The space they occupy; 4th, 
The expense of working and keeping them in repair j 5th, The power 
lost byfricUon, by alternate movement, and by the oblique direction 
in which the power is exerted through the medium of the crank rod; 
6th, The great pressure of steam required to work with any economy 
without a condenser ; and 7th, The trouble of putting them in motion 
when they stop with the crank in a vertical direction, and the care 
required to prevent the fly- wheel^ taking a reversed motion.'* 
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before going into Mr. Masterraan's remarks as to iiow far tbe«e 
faults are obviated, it may be worth u liiie, in the first place, to see 
whether all of them exist. Go this it may be said, tiial the fki&t, 
. Becond, third, and fourth, are evils which have justly ocGopied tbe 
consideration of nearly all mechanics since tbe general adofHion of 
tbe steani<^Dgine> and are in reality evils of sach a nature as to be 
evident to every one. 

But in the fifth enumerated evil tlic rinthor has fallea into a very 
great though a very common ci rci , in conceiving thut power is lost 
by the oblique position in which Lhe crank receives the force of the 
steam. We have had occasion more than once to lament tiiat the 
erroneous idea formed on this sabject, has led many able mechanka 
into great expense. Perhaps it is not incorrect to say, that one 
half of the rotative engines which have been attmnpted, would never 
have been undertaken, had the different patentees been fully aware 
that no saving is eflfected by increasing the length of the lever upon 
which the steam exerts its force. These engines have generally been 
encumbered with an interior cylinder, or di ma of such a diameter, 
as to cause a considerable friction, the purpose of such drum being 
to prevent the steam from acting near tbe centre of motion, where 
it was conceived it wonld be ineffective. Had this supposition, 
been trae, Mr. Masterman's engine woidd bave had ten times tbe 
effect of any other : for the diameter of the experimental engine 
being 30 feet the lever would generally be ten times more than the 
average length of a crank of a reciprocating engine of the same 
power. 

The sixth disadvantage stated, as attendant on u reciprocating 
engine is the great piessare of steam necessary to work it without 
a condenser. This is undoubtedly a difficulty which is of no small 
moment^ and Mr. Masterman's engine (if it had succeeded in other 
respects,) would have bid fair to bave completely obviated it. The 
force of steam necessary to tfive motion to an annulus of a large dia-? 
meter being as laucii less than thnt excited on a crank, as the length 
of the crank is less than the semi-diameter of the annnlas. Hence 
a pressure of 7 or B pounds per square inch would have produced 
tbe same effect in this engine as 70 or 80 pounds per square inch 
wonld have produced when exerted on a crank of 18 inches in 
length. 

Tbe eighth disadvantage stated—** is the trouble of puttinjr r\ 
steam engine in motion when it stops witli the crank in a vertical 
position ; and the care necessary to prevent the fly-wheel taking a 
reversed motion. There is no doubt that it is a very great incon- 
venience, when the engine stops with the crank in a vertical posi- 
tion, particularly in largo engines and we have frequently seen it . 
necessary in such cases to call in tbe aid of several workmen/ and 
lose a considerable portion of time before tbe engine could be put in 
motion^ and that not unfrequently when considerable mischief n as 
occasioned by snch a delay. But tliere are very few cases, in ^vhich 
it is not expedient and absolutely necessary to have the power of re- 
versing the motion of the engine. Mr. Maste|mao, therefore, as- 
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Wniet that to 4)0 an advantage which Id rcifelity is an nosopflmble' 
objecdoo to the general adoption of any machine not posseSiiDg the 
|iower of revolving cither forwards or backwards. In steam boats 
particularly (where Mr. Mastcrman is sanguine enough to imaghie 
his mercury entwine could be applied with advantage) the capability 
of easily reversing the fuution is a point of first consideration, and 
without such power uo one could guarantee their performiug a short 
voyage with safety. 

Having shewn that many of the objections here stated do not 
exist, we shall proceed to inquire, how far those which do, are ob- 
viated by this machine. And we shall first state that we have had 
frequent opportunity of inspecting the engine which w;is erected by 
Mr. Masterman at Fawdon colliery, near Newcastle ; the iro/i-e of 
which was feet in diameter, and which ought to have been, accord- 
ing to his calculation^ of 1^2 or 13 horses power. We arc enabled 
therefore to speak from out own observation ; in addition to whiehj 
we. have been favonred with particular information on the subject, 
hj the managing engineer of Fawdon colliery. 

It appears that the skill and nicety of workmanship" is ^ by no 
means lessened in this machine, but on the contrary', the cost of it 
must greatly exceed that of the reciprocating engine. It is stated 
that *' the on/u parts requiring any nicety are the valves, valve-seats, 
face, and masks which must work steam tight." Were these alU it 
will readily be conceived that the care retioired in fitting them ap, 
most greatly exceed that of a reciprocating engine $ there being no 
less than 28 surfaces of brass and metal to be made perfectly smooth 
and steam tight by the usual processes of filing, turning, and grind- 
ing ; whereas in the common enc:ine there are but two, requiring 
such nicety. It follows, therefore^ that the cost as well as the skill, 
required in the construction, must exceed that of the latter. 

In remarking on the comparative friction of the two kinds of 
engines, it is observed. Chat " as the valves are regelated by the 
gravity of the wmght, there is no friction in the pins.** This is an 
absurdity which shews a want of information of the writer, since It is 
evident that these weights, by the falling of which the valves are 
worked, mast be raised by the power of the machine^ to the elevation 
from which they fail : as ranch force, therefore, must be exerted to 
elevate thetn, as would have been necessary to have moved the 
valves by the more direct action 'of the maciiiLie. The blunder re- 
minds ns of a similar one, which we observed in ^wn's Gas Va- 
cuum Engine, where a short beam was made tubular, and charged 
with mercury, from the idea tlmt this would aid its movement. 

But these defects are of little importance, and scarcely deserve 
the notice we have given them. We shall now shew what appears 
to have been the cause of failure. This seems ( liiefly to have been 
the great condensation, arising from the exposure of the steam in 
the annulus. The steam occupying one half of the circle hecomes 
dispersed, as it were, in a long bended pipe, which is subjected to 
the disadvaiitage of passing through the air by which the condensa* 
tion must be increased* . Another cause of condensation is the dif- 
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ference in temperatare, between the depressed and the elevated 
surfaces of the water." The lower surface being continuaily in 
contact with the steam^ is nearly of the same heat, whilst the upper 
surface is considerably colder. Now the different segments of the 
troke, successively lose a portion of their caloric, as they past over 
the cooler portion of the liquid ; and in this cooled state become 
the recipients of the steam ; and although there is a tendency in the 
machine to bring all parts of the water to an equal temperature, it 
was found preferable to prevent such a consequence, by a supply of 
cold water, as the elevated surface when so heated expanded into 
steam, and escaped through the discharging pipe. 

Another and secondary cause of waste takes place, when there is 
the least variation in the resistance of the load ; when that is uni- 
form, the steam exerts merely the force necessary to overcome it ; 
but upon the resistance being increased, the steam then forcing 
upon the yielding surface of the water, without immediately produc- 
ing the required speed, drives a considerable quantity of it over the 
upper part of the annulus, into the empty side of the wheel ; and by 
occupying it^ place, rises by its inferior gravity upwards through the 
water, and escapes through the discharging pipe without producing 
any effect. When this takes place, it is some time before the water 
returns to its proper sitnatiofi, or becomes a sufficiently steady abut- 
ment to produce the required powers. 

The consequence of these defects were extremely apparent in the 
engine alluded to; the waste of caloric being such that few persons 
could endure the heat of the engine-house when the engine was 
working. The waste by condensation was so great, that it required 
a boiler of sufficient capacity to have worked a reciprocating engine 
of 36 horses power, merely to drive a small circular saw, which 
Gould have been easily driven by an engine of 2 or 2 horses power. 
The varied resistance produced by sawing wood, rendered the last- 
named defect very apparent; and, indeed, considering the degree in 
which its effect was weakened by the irregularity of its load, per- 
haps a saw was the most ill-judged application of its force. 

We have been thus particular in our investigation of this ingeni- 
ous machine, because several scientific friends were disappointed 
by its failure, and because both Partington and Stuart have antici- 
pated, that " if ever rotatory engines should be brought into suc- 
cessful competition with the common steam engine, it appeared 
probable that they might be constructed on this principle." We 
perfectly agree with the latter writer, however, in this opinion, that 
much credit is due to Mr. Mastermau for his ver)* clear and interest- 
ing account of his machine, and the candid appeal which he makes 
to experiment. We trust in examining the pages of his little 
pamphlet that we have been divested of every prejudice, 'and that 
our apparently severe examination will be attributed to the proper 
motive. It is sincerely to be wished that more would follow his 
example, and fairly submit their inventions to the public, divested, 
lik^ his, of all mystery and quackery ; the advantages which would 
arise from this liberal proceeding would be incalcnlable. 
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CHAPTER VII. 

PEKKINS'S ENGINE. — BHUNEl's IMPROVEMENTS. — VAUGHAN*S ENGINE. — ALBAN** 
ENGINE AND GENERATOR. — BROWN's GAS ENGINE. — BRUNEl's OAR ENGINS. 
— METAlXiC PIftTONS. — JiEALE S ROTATIVE ENGINE. — FORBMAN*! ROTATMIT 
BVCIMS.*— BfC'i »OTA«OftT SiraUISif^llABQUlt HB CAMBM' mOXATO^T 
BHMItb— OALUMTAT't KOTATOKY ■M6lirB^«-C0IICLVU0Jr. 

It has been Bboum in an early part of tlie work^ that a high pres- 
tore engine consumes less foel than a condensing engine of the same 
power, and that the force of the steam per square inch increases in a 
much greater ratio tlmn the temperature communicated to the water, 
This fact fully establishes the superior economy of a high pressure 
engine, and it also proves, that the more the pressure is increased. 
Still leas fuel proportionably will be icquirecl. Though this curious 

phenomenon It nniTersally known, yet few attempts had been inade in 
England to nse steam of a pressore exceeding 50« or at most 100 
pounds on the square inch, until the recent experiments of Mr. Per- 
kins. This delay among our engineers to adopt what would seem 

to promise sneh great advantages, must be attributed to a caution 
which has beeu well grounded. U he great danger of explosion must 
have been qoite sufficient to have deterred them from the trial j and 
until that could be etlectaally guarded agaiiist^ it would have been 
madness to increase the pressure of steam bevond its present liipits. 
It isj indeed, no uncommon circumstance to nnd boilers in America 
loaded to double and sometimes treble the pressure of the greatest 
force we have now named ; but still, with boilers of the usual con- 
struction, the danger must be very great , and the liability to accident 
such as to more ihaa counterbalance all the advantages that can be 
obtained. 

Mr. Perkins, however, conceived that all this saving could be 
effficted, and that danger could be removed, by reducing the die of 
the boiler. >We shall give Mr. P«k]ns*s own remarks on the sob- 
ject:— 

'* It is a well known fact that water does not boil under atmoe- 

pheric pressure until it has been heated to ^1<2°, after which all the 
heat that can be applied cannot increase tlie toiuperiiturc of the steam 
or water. Now, add an artificial ntmospliere by loiiding the escape 
valve (the surface of which is equal to a square inch) with 14 lbs. and 
it will receive 9f»0 of heat with a very little addition of fuel, and the 
pressure on the square inch will be doubled, or 88 lbs.; the mechan- 
ical action will not be double, yet it will be inci^ased mndimore than 
the consumption of fuel. Let the valve be loaded with two addition- 
al atmospheres or 4^ lbs and the temperature will be raised to ^80°, 
and will again produce double pressure, or 56 lbs. in the inch^ and 
so on. If the generator be made strong enoiigli, as I have no doubt 
it may be, to withstand 60^000 lbs. load on the escape valve^ the water 
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would not boil, although it uouid exert an expansive force equal ta 
50, 000 lbs. on the mcb> and be at abuot 11/0° of heat, or cherry 
red. Water thas heated woold, if it were allowed, expand itself . 
into atmoflpberic steam, without receiving any additional heat from 
what snrronnded it. It is not, tiowever, necessary to heat the water 
to more than 500^ to have it ilash into steam, ijf the generator be 
properly constructed." 

a a is the generator, kept constantly filled with water up to the 
valve ; b b\s the furnace surrounding the generator, by which the 
water it contains is intensely heated, but i^ prevented from escaping. 
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iM)tvvlthstandiiig lis great expansive force, by the enomous pMBSure 
upon the valve by the variable weight d ; or uuiii the pump o hai 
forced a given quantity of water into the lower part of the ^euenitdr, 
wbicfa ranei the valve, and caoie8 a like qmitrtily of the heated 
water to escape Into the pipe c cr> where flashing instantaneoulyUilo 
steam, it rushes into the cyltader ^ and drives the piston f to tho 
farthest end of it ; this action causes a commnnication to be opened 
into the pipe k into which the steam passes; the pipe k k passes 
through the condenser / 1, delivering out its heat to the coM water 
contained therein ; from thence after descending It takes an hori- 
aontal course and enters the reservoir m, from whence it re-pumped 
for nee by the appiiratos 0 e. 

The ana k is attached at one end to the piston /, aikl is cdiiit* 
qncntiy moved by it in aa horizontal line the length of the cylinder^, 
and the other end of the arm beiog connected with the fly wheel i, 
causes it to revolve ; thp fly thus put into action jE^lves motion to the 
rotatory valve e, vvhich opens and shuts alternately a communication 
on both sides of the piston . An iron rod and chain q being fixed to 
the arm A, and at the other end to the loaded lever p, the pump o 
is worhed by the action of the arm^ caosiog at every revolution of 
the fly a fi«sh oQantity of water to be forced iato the botteni:of the 
ganeritor; w&ich again ruses its loaded valve, aBd'Allowi tW deape 
of an eqiial qoantity of water into the pipe c where flashing hito 
steam, and rushini:^ into the cylinder, it operates upon the piston 
again and keep a up the alternating and rotatory motion of the several 
parts before mentioued. 

The condenser / /, is a tube of copper about 4 inches in diam^er 
and 20 feet long, and is supplied constantly with cold water from the 
pomp, throogh the pipe a a* This enters the condenser at the lower 
end, and is dfscliarfed at the upper end into the descendiug tube r r, 
which proceeding to the lower part of the apparatus, ascends hi*a 
spiral winding of many coils round the bottom of the fiurnace vp 
to the valve s, loaded by a variable weight «, equnl to TOO lbs, 
•upon the square incli (or about 50 atmospheres) j from the valve 
the tube descends as at v t; v, and proceeds to nearly the bottom of 
the generator, as shewn by the dotted lines. In order to insure safe- 
ty to the apparatus, a tobe 1 1, is fixed to the generator and proceeds 
to the dial ¥ r, showing the degree of pressare or the nnmltar ef 
atmospheres at which the machine works. Near to the middle ef 
this tube is fixed a safisty valve of copper, jf, which is torn up when 
the pressure ^eatly exceeds the intended force. The atmospheric 
air contained in the spaces on each side of the piston escspes by tnbes 
at z z, furnished with stop cocks.* 

Such is Mr. Perkins's engine. The experiment, as far as it 
regards the generation of steam of this enormous pressure, has been 
qnito decisive, bnt the mmmjf iti engines on thisprindple has not 
been so folly established. It appears that Mr. Fs principal difli* 
cnlty has been, not the genention of the steam, hut its appliestioa 



e Begbter ef Arts and Sdenees, veL i« p^ Mt. 

A A 



186 



HMTORY OP TH8 



to the machinery. This difficulty has been owing to the high tem- 
perature^ which the rylinder and working parts acquire when in 
operation^ which produces Bcveral incoincniences, the main one of 
which is, that it is absolutely impossible lo lubricate the sides of the 
cyliote or valfM^ wink oil, tallow, or any snek flnloriai, althotigh 
il is weQ kiioini, tliftt metallic packing oumol bo natntuned,, ovea 
IB a condentiiig engine, tolerably steam tight witfaiml aome snda 
i^iplication ; and if sach a difficulty occur in a low pressure engine, 
bow much greater must that difficulty be in an engine, working at 
the great force of steam at which this is worked^ especially when 
we consider the very subtile nature of such steam, and the much 
greater proportion that the openings (through which the escape is) . 
bean to tho sorfece of a pittoa on this principle, than amiilar 
openings in a roetallicpacliin{(, bear to the svrfoce of a piaton of a 
condensing engine* The reaion why it is impracticable to apply oil, 
is, that the great temperatnre of tlic cylinder instantly carbonizes it, 
or causes it to pass ofi' in vapour, and in that form escapes to the 
atmosphere. Another inconvenience is, ttiat tl»e materials of which 
the piston and valves are cooiposed, become by wear and friction * 
(both of which are increased by the cause just named) speedily 
deatioyod. 

In order lo obviato some of these evUa, Mr. Perldaa has jnal 
taken ont another patent, in which it is stated that he has discovered 

a method of forming^ a metallic piston, of a peculiar alloy, requiring 
neither oil, tallow, nor any lubricating material whatever, to 
reduce the friction j on the contrary, by the working of the engine, 
the rubbtPg surfaces of the piston and cylinder become so highly 
polished^ as to reduce the finction, considerably bdow tkat tko 
ordinary metallic packing wken oil^. < ^ , 

Tkeie have been so many ex^ggerationa and miarepreaentationa 
reapecting this engine firom first to last, that we cannot venture to 
give credence to any thing on the subject, without sccinc; this 
alleged improve men t in actual practice, or attested by men of 
credit and respectability j certain it is, that Mr. Perkins s engine, 
can never answer^ without such an aiioi/ as that alluded to ; and it 
is equally certun, tkat if a material possessing these qualities has 
(wen discovered, ita utility will not be limited to tke steam engino 
atone, but wlU be eqnally applicable to machines of almost every 
'modification. 

Mr. Marc Izambard Brunei obtained a patent in 1823, for a very 
ingenious application of the steam engine, by which the connecting 
rods of two cylinders are made to give motion to the same crank : 
the following hgure and description will enable our readers to, 
nnjeratand it.* 

Fig. 1 is a front elevation, and Fig. 9 a plan or bird*s-eye view 
pt like engine, divested of tke various gear and appendages employed 
in <;ommunicating its power $ in order that it may be clearly and 
readily understood. 
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a a a is a stroug triangrilar frame of cast iron, contaioing the two 
working cylinders, 6 6; these cylinders are inclined towards each 
^ other^ 80 as to form an angle of 102''^ ih^t particular angle having 
* beeo found by Mr. Brnnel to be preferable.to all otliers in effiMting 
«^ rotatory motion to tbe crank, by the alternating action of tbe 
piston rods, cc are the piston rods; dd the connecting lOds, at- 
.'tached to the revolfing crank ee, which by its axis conunniHcatea 
motion to whatever machinery may be connected thereto; /f are 
metal rollers, running upon guide plates, to give support to the 
pistons, and thereby equalise their friction in the cylinders. 

Tbe steam is received from tbe boiler into the small cylinders gg, 
and, by the action of the pistons therein, the steam is altemately:M- 
mitted into one of tbe ends of tiie working cylindera, b6, and a 
passage opened for its esei|ie at the'other. The action of the pistons 
in the small cylinders, ggg is effectedby eccentrics, placed upon the 
axis of the main crank e, as may lie seen at Fig. 2 ; these eccentrics 
give motion to the rods kh, which, by the intermediate levors ihown, 
operate upon tbe pistons in the small cylinders. 

One of these engines, applied for the purpose of draining tbe 
Tennel now] being cut under the Thames, and, as represented by 
Fig. 1, is fixed on the top af a lofty mas^ve frame work, or %&W9t 
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of wood, built QD from. the bottom, and In the centre of th^ gvent 
vertical shaft of tbetbnnel, and is (urtber strengthened by nomeron^* 

large transverse hesms, the extremities of which enter the masonry 
at the sides of the sliaft. On the axis of the crank is fixed a small 
fly wheel as at and on the snme shaft a toothed pinion i, vvhich 
gives motion to two toothed wheels m n ; lo theste wheels are attached 
the crank levers which work the pomps ; on tlie shaft of the wheel 
n a dram wheel is Axed, over which a band, p p, works; this band 
passes over another drdm wheel (not bronght into view) ; from that 
another band gives motion to a rigffer, at a considerable height above 
the engine, which rigger carries dso another endless hand or sti ap, 
which is the immediate agent employed for drawing up tlte excavated 
earth in strong square receptacles or small waggons, upon wheels^ 
which, when raised over the platform (as shown by the diagram) are 
wheeled off to their desUnation upon an iron rail-way.* 

A patent was obtained in 1824, by Mr. George Vanghan, of 
9heiield, for a very curions application of the old open topped 
or atmospheric steam engine, which we here gn e, not from ai y 
faith in the alleged advantages derivable from its use, but from the 
novelty of its appearance. 

Fig. *2, represents a section of the, cyliudcr. aaaa is a 
cast'iron cylinder, open at both ends, and bored trnc} L a partition 
in the midme of the cylinder, a, which may be either cast in or bolted 
in afterwards; eece is a casing cast round the cylinder a, with a 
Hange at the top and at the bottom, and another a little below the 
middle to fix the cylinder in its place, which casing is for the purpose 
of heating the cylinder, and keeping it hot in the usual way ^ two side 
rodsj dddd, work through two copper or other metal pipes fixed 
between the casiog and the cyliuder, wiuch pipc^ a^e rivetted to the 
top and bottom Hange of tiie cylinder; ee are two ci^s bars con- 
nected to the side rod at botii ends« and also to the top and bottom 
rods of the pistons. The upper piston is represeoted as nearly a| 
the top of the cylinder. The piston rod is connected to the cross 
bar by a socket in such bar, which bar is suspended in the links 
of the parallel motion, gg arc the two pistons and rods above 
alluded to, which, when connected with the cross bars, e^, move 
together, prodndng what I call one stroke with two piston^. A is a 
code and numd-fer conveying grease throng the casing and the qr- 
lindcr tcf the bCttom piston doaft to thepartition L i is a cock at the 



♦ As the qnantity of water that collects in the Tunnel is very inconsider- 
able, it is found that the working with one cylinder only, (that is, half the 
engine,) tnfident to false lite whole, as wdtt as all the exeavated earth to 
the surface. If an increase of power should at any time be required, it may 
instantly be obtained by connecting the opposite piston rod to the crank. 
Thus the engine may be adapted with facility to whatever circumstances may 
leqaiie of it The power or the engine it ealeolated at thirty bocaes, tbat 
iSMff, each cylinder operates With the power of fifteen horses, 

Ae pistons now used ia this eog^nei^ are, we understand, of the expandiog 
BMtallte kind, those made and patented by Mr. Barton, a preferenee being 
given to tlioso above all others by Mr* Bronsl, wUch U, io oor epfailoii, no 
wall recommendation of them. ^ 
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bottom of the casings to let out in the nsaal manner tlie condensed 
steam from between the casing and cylinder, k is the cock and pipe, 
to convey steam from the steam pipe into the casing of the cylinderj 
// represents two passages which arc cast in a branch proceeding 
from the cylinder and casing, the one passage communicating abpye 
tbe partition b, and the other bdow^ to convey steam in and out from 
under the top and above the bottom piston, w is a passaj^ to conve^r. 
•team from nnder the slide valTe into the condenser, which i^ cast in* 
the same branch in the asaal way. n is the slide valve inclosed in the 
steam box, having the steam pipe o connected with such box. The 
slide or other valve may be moved in any of the known methods em* 
ployed for that purpose."* — 

The steam being admitted through the upper passage / into the 
opper chamber of the cylinder^ its piston is thereby tiiiown up, and 

* Reijister of Arte and Sciences^ vol. il. -p, tr. | 
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the vacuuiiT being immediately for; ncd in the usual way, tlic pressure 
of the atmosphere of course operates instantly to thrust It down 
again, whilst at the same moment a corresponding effect is being 
produced upon the piston in tlie lover cbaoiber^ by tha steam 
rosbing into it throogh the lower passage I, thas oo-eperating with 
the atmospheric pressure from above, in producing what the patentee 
calls " one stroke with two pistons,'* A vacuam being next formed 
in tlic lower chamber, the atmospheric pressure acts upon the lower 
piston, while the steam, again admitted through the upper passage 
i, assists in like manner in throwing np both pistons as before, and 
tbtts by alternately allowing the steam to rush through the two pas- 
sages / / into the upper and lower chambers^ a constant nniRNrm 
motion is produced and kept up. 

Tlie advantages stated to be derived from this engine are, that 
by the united application of the force of steam from the boiler 
on one piston, and the pressure of the atmosphere on another, 
a greater power is obtained, than can be by the Bolton ;ind Watt 
engine, where the air is excluded. The error of the patentee seems 
to have arisen, from bis not being consdons that steam acUng in 
a boiler, at the pressure of 4lb8. on tbe inch, would, in a vacuum, 
exert a force equal to 4lbs. + the pressure of tbe atmospbeve, 
or 4 -f 14| = 18J when therefore, we unite, as in the present 
instance, the pressure of the atmosphere to that of the steam, 
we obtain only 4 4- 14| =r 18J, being the same result in both 
instances. This complicated machinery therefore answers no other 
end, than of increasing the friction, and adding to tbe expense. 

Mr. J. G. C. Ruddats obtained a |wtent in 1886, for an 
invention of Dr. Ernst Alban, a physician of Rostock, in tbe 
grand dachy of Mecklenburgb. This gentleman has since removed 
to England, for the purpose of introducing his invention, which 
consists, like Perkins's, of an attempt to reduce the coneumption 
of fuel, by increasii»g the pressure of the steam; but Dr. Alban's 
apparatus is much more novel and ingenious. 

Tbe vessels wherein the steam is immediately generated, aie4»f a 
very narrow compass, and made of tough metals, on which aooount 
they are very durable, although not constructed of uiy great 
thickness. They consist of tubes of small diameter, which are 
calculated to sustain a pressure of 4 to 6tXX)lb8, to the square 
inch, thus removing all chance or possibility of their bursting, 
an event which, even if it coidd hajipeo, this construction would 
render perfectly harmless. These generating vessels liave only 
about one foot of tteam producing snrfiue to the borse power^ 
and in order that tbe generation of steam may be increased to such 
a degree; that the intended effect can be produced, and in order 
at the same time to withdraw them from the destroying influence 
of the fire, they are placed \vithin a medium, consisting of an easily 
fusible metalj or metallic mixture, such as tin and lead, which is 
introduced into a tank or vessel of cast iron, and exposed therein to 
the action of the fire. In these latter, which Dr. Alban calls bit 
metal vessels^ he opposes a very extended surface to the action of 
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the fire> without infringitig on space, or requiring any great quantity 
of the fusible netals for filling them, as may be eacUy seen by 
refefCBoe to the form ef the metal vessel^ 9. By thb means 
caloric is conducted in laige portions to the medium,, which being a 
good condoctDr of heat rapidly imbibes it, and forms, as it were^ 
around the generator, a store of cnloric, which it gives ont so equably 
and rapidly, tbat the tubes, \vith hot a small generating surface, 
collect and give out to tlie water which is to be converted into stcani, 
as macii caloric as if that surface had been ten times the size u^ua 
the ordinary constrnction. Both the metal vessels and the M&erator 
present an inconsiderable surface to the atmosphere, ana in this 
manner the inventor has sought to prevent any condensation in the 
generator of the steam already generated, ns well as to prevent, 
generally, any disadvantage resulting from the radiation of caloric. 

The water is conveyed iuto Dr. Alban's generator, only in the 
quantity required to produce a given and cootinuiiig effect. For this 
purpose the forcing pump, by means of which the injections are 
8npplied» is made to regalate itself in each a manner tlmt it either 
moderates or entirely suspends the injection of water, according to 
the state of pressure in the generator. Tlie steam generation is 
thus entirely independent of tlie management of the fire by the stoker, 
and TH at all times subservient to the wants of the engine to which 
this apparatus m;\y (>e applied. All possible danger would likewise 
be removed by tliis means, even iu the absence of any safety valve. 
When it ts required to stop the engine, it is only necessary to put 
the forcing pump oat of amon« and the geueratioiL of steam ceases 
of necessity. 

In order to prevent the metallic fusion from being overheated, in 

cases where a smaller supply of steam is required, or where a sus- 
pension of steam generation takes place, by the stoppage of the 
engine, or oUierwise, the inventor has arranged a ht'at reij^nlator, 
which regulates the intensity of the hre. This apparatuii indicates 
the decree Of temperature of the fusion, upon which solely its action 
depends, and the generation of steam in the generatcn' has no 
influence whatever upon it; the regulator continuing to act when 
the generation of steam has ceased, on which account it is essenti- 
ally different from any heat regulator hitherto used. Its application 
is indispensable to this apparatus, in order to prevent so great 
a heating of the generating tubes as might occasion a decomposition 
of the water injected therein. 

The very great sanng of fuel occasioned by this invention is 
acoMuted for, partly in consequence of the steam being produced 
at so' ver^ high a pressure, and partly by the circumstance, that 
the metallic medium, when in a state of fusion, is one of the best 
conductors of heat in nature, receivin<^ and collecting the heat 
witliiti itself very quickly, and without loss, and thereafter giving 
it out in a concentrated form to the generator. Owing to the 
constant motion kept up among the hotter and colder pai u oi the 
metsllic fusion^ as in the case of heated water, the more heated 
portion- having a tendency to ascend^ while the cooler partdescends^ 
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the caloric is distributed very quickly and equably through the 
whole body. All congealment of the metallic medium is avoided, 
by using such an admixture of metals, as will fuse at a temperature 
lower than that which the steam receives within the generator, fo 
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urd'tnary boilers, the beat of the fire acts upon a bad conductor of 
fceat, water, and upon a pro{K>rtioDabIe large body thereof, the 
parting with its heat cannot, therefore, be free or qoick, and ia 
order to produce any powerful effects, it is necessary to oppose 
« very large surface of the boiler to the notion of the fiie. 

. For the reasons stated^ it is, howerer, quite otherwise with 
this new apparatus for generating steeni> and the surface opposed 
to the action of the fire is therefore considerably less, in proportion 
to the generation, than in ordinary boilers. The rapid generation 
of steam, by this method, is likewise much favonred by the circom- 
Ataiicc> that water is injected in siaali quantities only, and is 
^tributed on all the sides of the generator. 

Figores 1, 2, and 3, are representations. of the generating appa!* 
|itos, eoDstracted in London, under the soperintendance . of the 
inventor. It has a double metal yessel, and two generators ; fy, 1« 
is a longitudinal section thereof, a a a, is the cast iron metal vessel. 
A ^ 6, the metallic mixture. Supported upon the lid or cover of the 
metal vessel, is the strong top of the generator, c c, containing a 
cylindrical chamber of two inches diameter ; dddd, atq the wrought 
ii'OD generating tubes, suspended in the metallic fusion 5 they are of 
li Inch bm, and are screwed into the top c fo that they Btvf bjS 
tsiceii oat whenoTer they require cleaning, e, is the injection pipo, 
nade of copper, thvongh which the water is conducted into the 
generating tubes, over each of which a small hole is perforated, 
is the steam pipe, connected with the engine and the safety valve. 

/^^. ^ is a transverse section of the double metal vessel ; it is 
freely suspended in the furnace, and exposed on all its four sides 
^ and its ends, to the action of the fire, so that although it is b^t 4 
. feet long, 3§ feet high, and, indadiog the spacQ between eadi 
Tessel, takes up only 9 inches ip, widUi, it exposfS' to' tlM fire 
a surface of sixty aqnare leet* a a, is the double metal- vessel 1 

6 b, the two generators J c c, the two injection tubes, which are 
Joined together externally, and communicate in one pipe to the 
forcing pump. This pump is of the usual constrnction, furnished 
with a lever and weight, which are raised by the engine, through 
any of the known means. If the production of steam in the geoera- 
lor be too great for the wants of the engine, the pressore in the 
steam chamber will act against tliougeotioQ, and the weight will be 
insufficient to force down the pistos of the pump, which will thus 
remain iupctive, until the pressure is diminished;^ by the ceasing of 
production and the expenditure of the engine. 

Tiie heat regulator consists of two pipes filled with atmospheric 
air, one of each being inserted into each metal vessel,^^. 1, gf and 
surrounded by the metallic medium i to bo|h pipes, very narrow 
-tobea are fixed, yf^. 1, h, and fig, 3, i, wlnish are joined to«fe|her 
CKternally into one tabe, whieh ooess ioiridft Ihe aiercnrial CMtcni* 
fy» S, a f within the MercQry therein eontained* ia- inmersed a 
vertical tube 6 with a float c swimming on the top of the mercury. 
This float is connected, by means of the rod d, with the lever 0, 

and acts by the rod /, upon the damper gg which ny^ulates the 
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draught of the fire in the ash-hole. When the air in the pipes 
1, ir g', becomes heated by the fusion, it expands progressively as 
this becomes hotter, presses on the mercury in a,^g 3, and causes 
it to ascend ia the tube d. By the rising of the mercury, the float c 
is made to aflcenid UkewiM, and acta by the rod if on tlie lever e, 
and thereby <m the damper gt so that should the temperatvie of the 
laalon be greater than is required, it gradually closes the air hole k"; 
the supply of air to the fire is thus pirevented^ aad the heat^ja 
^consequently diminished.* 

Of all the inventions which have lately excited the public 
attention, perhaps none has been more the subject of discussion^ 
than the apparatus patented in IB93, and again (for improFements) 
in lBi5, Brown^ of London^ and odled a gm vacuum 

'eugme. This engine is intended as a substitute for the steam 
engine, and is actuated by the inflammation of hydrogen gas', 
which by its combustion in a vessel containing a portion of atmos- 
pheric air, sufficient for the combustion of the hydrogen. The 
oxygen of the air, then combining with the hydrogen, together 
ftna water^ which of course occupying a less space than these in 
their original form, leaive in the Tessel a partial Tacoomi the 
nitrogen of the ahr, and the impurities of that and the hydrogen gas 
only remaining. This vessel is made to commnnicato with the 
working cylinder, and the pressure of the atmosphere then acting 
on the piston, puts it in motion, which motion is continued until 
the equilibrium is restored, between the interior oi the aforesEud 
vessel and the external atmosphere. Bat by using two of such 
vessels, and repeatiog the prooesa of inflammation alternately okr 
each, so that one of them may be giving motion to the piston, 
whilst the other is having its vacuum' restored, the wodopg part -of 
thte iengine may be constantly kept up. 

The principle of forming a vacuum by these means, has been 
long familiar to every one, the following simple experiment being 
(ifk^ )irl^ch^ we doubt not, each of our readers will remember to have 
k^r^ wnen a child. Take a wine, or any other glass, small-enongh 
\t£jie covered on the top by the palm, of the hsaid, and; haying 
-placed a small piece of lighted paper on the middle of the pahn, 
(taking care to protect the hand from .being burnt,) then covering 
/,S>\te burning paper with the mouth of the glass, by pressing the 
' 'latter against the hand, a partial vacuum is instantly formed, 
(by the combustion of the oxygen of the air in the glass,) sufficient 
not^ only to prevent the glass from falling, when the palm of 
the' hand - is torned downwards, but inch as to reqmre some 
lim »*l 6 t ce to remove it froin its hold/ If this experiment be 
; dexterously performed, it will perhaps give some pain to a delicate 
' hand, from the great force with which the pressure of the atmo- 
aphere presses the flesh into the glass. 

' Mr. Brown's engine is a modification of this principle, and will, 
. we doubt not, be fully understood by the foUowiug description. 

' xr"-' ' ' ' ■ ^- . •l.^-.^i 

' " '^ « Rei^Oflhit Arts, vol. Ui. pp. IM-in . ' - 
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Iftflammable gfts is introduced along a pipe into an open cylinder 
er veaeel, wbilst a flame placed on the ootside of, bat near to the 

cylinder is constantly kept baming^ and at times comes in contact 
with and ignites the gas therein ; tlie cylinder is then closed air- 
tight, and the flame is prevented from communicating with the gas 
in the cylinder. Tbe gas continues to flow into the cylinder for a 
short space of (ime^ then it is stopped ofif ; daring that time, it acts 
im Us eom^Mfliofi npon the air within the cylinder and at tbe same 
tine a part df the rarified air escapes through one or more valTes^— 
and thus a vacuum h effected. The Tcsscl, or cylinder^ is kept codl 
by water. Several mechanical means may be contrived, to bring 
the above combination into use, in effecting the vacuum with inflam- 
mable gas> and on the same principle it may be done in one, two, 
or more cylinders or vessels. Having a vacuum effected by the 
aboTe oAptHnaftidn, and some mechanical contrivance^ powers ate 
produced by its application to madiinery in several ways. Firsts 
water-wheels may be turned ; secondly, water may be raised | and, 
thirdly, pistons may be worked. 

Description of the Engine as used for turning a TVater-wheel .-^ 
The two cylinders c and d are the vessels in^ which the vacuum 
is to be efi'ccted ; from these descend the pipes gig and h j h 
leading into tbe lower cylinders # j% fmn wmcb the water rises 
alMig those pipes to fill tbe vacnnm cylinders alternately. Tbe 
water tbns supplied is discharged throngb tbe fdpes B into the tank 
or troagh 5, wT\ence it falls npon the overshot water-wheel^ and by 
the rotatory motion thus produced, ^ives power to such machinery 
as may be connected to it. The water runs from the wheel, along a 
case surrounding the lower half, into a reservoir v, from which the 
li>wer cylinders x are alternately supplied. 

In order to produce the vacuum, tbe necessary quantity of gas Is 
supplied to the cylinders by means of the pipe kkt, to be conveni- 
Cl^y attached to a gasometer. The gas also passes along the small 
pipe //, (communicating likewise with the gasometer,) and being 
lighted at both ends of that pipe, is constantly burning for the 
purpose of igniting the gas within the cylinders. ' 'i 

The water in the reservoir v passing down one of the pipttf w 
intio one of tbe lower cylinders m, causes tbe.fldht y in that cylinder 
to rise, and posbing up tbe rod o raises tbe end 6 of the beam, 
which of course draws up with it tbe cap f, and forces down cap 
e of the other cylinder c. 

^ The gas being admitted along the pipe k, the flame from the 
pipe / is now freely communicated to the gas in the cylinder 
throogh the orifice, by the opening of the sliding valve «, which is 
raised by tbe arm r lifed by the rod o by means of the beam. / 

To inroduce tbe intermitting action of escb cylinder, souis Sub- 
ordinate machinery is put in operation, by chains and rods addled 
to a glass or iron vessel /), partly filled with mercury, and, turning 
upon a pivot, each end receives its movements of elevation and de- 
pttission, from the rise and fall of the projecting arms q, by the 
action of the beam above ^ the mercury being iumished for the 
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psrpoie of regalitlng the supply of the gas into flie cylinders, and 
rile movement of the slide iu the trough v. By the action thu 

commomcated, the water from the reservoir flows down the pipe w 
into the vessel .r, and produces the elevation of the lloat y and the 
rod n, and raises the cap e by the ascent of the beam at a. 

The molioii thm caused in this part of the machinery, operating 
upon its duplicate parts on the otiier tUdm, of course produces bv its 
acttOQ a corresponding moToment ; and the slider in the troogh v, 
nored by the action of the mercurial tube p, being removed from Us 
position, allovtrs*the water to fall into the other pipe w, and as it 
ascends suffers the floaty to descend, and risinc^ into the main cylin- 
der, thus lifts again the beam at b, and its connections^ and forces 
down the cap e on the top of the other cylinder. 

After the vacuum is effected iu the cylinders, the air must be ad- 
mitted to allow the water to be discharged and the caps to be raised : 
tUs is aooomplished by melms of a sliding yalve in the air pipe m m, 
leted apon by chains 1 1, attached to the floats in the reservoir, and 
as motion is given to them the valve is made to slide backwards and 
jforwards^ so as to allow of the free admission of atmospheric air. 

Chains u u with suspended w eights open the cocks in the pipe 
k kj and produce the alternate flow of the gas^ and regulate and 
modify its supply > 

In the pipes g ig and hjh are clacks to prevent the retm e9t 
the water when tiie air is admitted into the cylinders.* 

When pistons are worked, the vacnnm is effected (in the manner 
above described) under the piston, which is then pressed down by 
the weight of the atmosphere, and as an engine of that description 
is worked with two cylinders and pistons, the vacuum being pro- 
duced in each cylinder alternately, the fall of one piston raises the 
others and^ being alternately pressed down, the piston rods give 
mitloB to the crank and -fly-wheel. The air is admitted throogh 
laige valves in the piston^ and through orifices in the cylinders. 
An ' engine may be worked with one piston, the vacnnm being 
prodnced in tvi^o cylinders (as in the water engine), from which a 
pipe commanicates with a third cylinder in which the piston works, 
and into which the air is admitted alternately under and over the 
piston^ while the vacuum exten<is to its opposite sides. By this 
Contrivanoe a much greater rapidity of motion may be given to the 
pliltcttif roioiMd. : * 

The ways being iheielore explained^ in- which, by the pressure 
of the air, the racnufn produced (and continued) is applied to useful 
purposes, Mr. Brown claims to be the inventor of the combination 
above described for cffJecting a vacuum, however tnvch it may be 
varied by the mechanical meann with which it may be used, and also 
the inventor of applying a vacuum produced by the combustion of 
Inflamniable gas, to raising water^ and to the production of motion 
in machinery by the pressaro of the atmosphere. 
' The dHfereat adentifie journals wora much divided^ as to tho 

. « lUgirter of Arts and Seienees^ vol. i. p. tS7. 
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fesolt of Mr. Rrown'a experiments : riot that any one questioned Ihe 
effective operation of an engine on tbis principle, that having beeo 
clearly establisbed by actual construction, soou after the publication 
gf the tcbeme j the question simply being, whether the apparatus 
eoold be pardiaMd aod maiBtttned, at a less or at a greater cost^ 
than the steam on the most approved constraction. It would be 
oeiiMlkss to repeat the varioos inquiries on this subject, nearly all of 
them having been merely theoretical, and some of tliera written by 
persons, unable to calculate from ail the faets of the case. We have 
l)cfm e ns the report of a committee, appointed by the shareholders 
of a coujpauy called the *' Canal Gas Engioe Company," formed 
expressly for the purpose of trying on a large scale^ and if practi- 
cable» of bringing into general use, Mr. Brown*s engine. Mr. 
Routb, a director, stated that They had been appointed to 
ascertain the practicability of Mr. Brown's engine, for tfie applica- 
tion of gas instead of steam, to the propulsion of vessels either on 
canals or navigable rivers. Two experiments had been made 3 the 
one on the 1st of January, aud the other the day previous, under 
the inspection of the committee. The gentlemen who were 
fmtrosted to eiamine and report to the shareholders^ differed 
^atly in then: opinions derived from those experimeots ; but they 
were now ready to state their individnnl opinions on the subject, 
which was certainly one of great national importance. The day on 
which the first experiment was made, being extremely boisteious, 
was particularly unfavoorable to the performance of the expsnoi^iit^ 
inasmuch as the boat itself was leaky, and the machinery defeetive. 
The boat then msde way, hot not in sndi a manner, as to giv^e 
a highly advantageous opinioa of the powers of the eogine. In the 
second experiment, however, it was in a more perfect state. The 
boat, which was started from Blacl< friars Bridge, went at the rate 
of from seven to eight railes per hour, with all the regularity 
of steam boats ; the piitMles moved as regularly j and it appeared 
the power of the engine might be sustained for any length of time by 
gas, as well as by steam. It was the opinion of most p^wms there, 
that the engine answered every pmpose expected of it \ and he 
owned., that, as far as power went; itwsa bis own opinion. But 
he considered that the expense of procnriog gas would entirely 
prevent its application as a prime mover instead of steam. — It 
was said that gas could be readily and cheaply procured by the 
decomposition of water; We understood the chairman t» esprcse 
himself of opinion, that this proposition had not been yet made <wt. 
He was decidedly of opinion that the company ought to be dissolved. 
In fact, it was impossible that it could go on. The sum of rather 
inoie than 4^5000. had been subscribed. jeiOOO. had been given 
to Mr. Brown, for tlie share of his patent right in the invention ; 
^ICKX). more had been paid for constructing an engine, "JJ^®' 
superintendance, for the application of his principle, which had ftlied* 
There was i; i; 00. locked up in the hands of their< bankers. Sir- John 
Perring aod Co. Then JE300. was paid for a boat, and the remaining 
available foods were otherwise absorbed. The . Company ^id not> 
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^Mnw, pvoeeed wiilMMt anollKr cdl^ whidiCMld iiol of eotmte 
-DMdOf or« if made, attended to.*' 

Od^^c other hand, it was stated by Mr. Brown, ** that the 

experiment had succeeded to the full extent contemplated by himself 

and friends. On the first time of the experiment, the engine itself 
.was not got into any stale of completeness, until the midnight 
•preceding the moruiu^ of trial, and they accidentally run the boat on « 

•kore, and stove ia her side. They had to make the ezpernwDt on 
'a'boisferoos day> and before this accident was repaired, tiM paddle- 
« wheel was foond to be too email, and deficient in power. A second 
'experiment was made on the river, before the Lords of the 

Admiralty and a number of scientific men, and the result was such 

- as to decide their uiincb ia favour of its eligibility. He would state 
further, that it would, without doubt, be adopted."* He did not, 

- bowever, shew by hgures or any other calculation, that gas could be 
obtained at socb a ooet, as to allow a fair oompetitioa wkb the 
eteam engine : and we are therefore iadiaed to give fall credit to 

'Ibe statements of tbe diairman and directors^ namely, *' tknt the 
expense of prorur'msr f^f^^* would eruhrely supenede U$ tgpplkmAm 
as a prime mover instead of steam " 

:■ Previous to the year 1823 carbonic acid had never been exhibit-ed 
bat in the gaseous or aeriform state, and it was a commonly received 

- o|»inion, tnat no degree of prestore or of ooM wonld canae it to 
. assume a more concentrated form ; in the early part of tbat year, 

however, Mr* Faraday of the Royal Society, nnder the direction of 
its illnstrioas president. Sir H. Davy, succeeded in reducing it (as 

.well as several other gases) into a liquid State, by the aj|cbanical 

■pressure of a coudcpsing pump. 

This liquid, at the temperature of freezing water, iu its endeavour 
to aisnme tbe aeriform 'state, exerta an expansive force eqnai to SO 
atmoapberes} at ordinary temperatores, a force of from 40 to iO 
atmospheres; and on a beat of only 190^ Fab. being applied tbe 
force is increased to 90 atmospheres ; the pressure increasing in a 

, . similar ratio for higher degrees of heat; in other words, at the rate 

. of about 11 or 12 pouuds increased preesore upon the inch, for every 

' single additional degree of heat. 

To construct an apparatus by which a power immense, and 
apparently so economical, might be rendered available, like tbe ateain > 

C engine, as a first mover to ul kinda of machinery, we may easily 
conceive lias occapie4 ^ attention aud study of many of the most 
scientific aud clever men^ not only of this , but of every country in the 
civilized world; since it cannot be doubted that the paper of Sir H. 
Davy, " on the application of liquids formed btf the condensation of 
gases as mechanical agents," has beeu published everywhere, and 
translated into' tbe lan^ages of all coontries wbere mecbanict ia 
studied as a science. Nearly four years bave intervened since tbe 

' pnlriication of the important facts detailed in the paper alluded to, 
during which period, not only iodividnal talent> bnt tbe abilities of 

; , . • PubUo Ledger. ^ • ' .- 
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■«M of par firti dMuiitft Imve been vsited with thoM of oae <rf our 
most eminent engineers for rhe accomplithiiieiit of this great deside- 
ratum. In this boDOorable spirit of rivalry, the talents of Mr. M. 

I. Bninel have been employe!, nnd notwithstanding the attention 
requisite to his other great works now in progress, he bas found the 
tinie^ and the means, by a few simple and admirable combinations, 
to oatstrip in the career all hi& coutemporai ies ^ and to present to 
Ibe worM the fint carbonic add or oxpanaive gas engine. 

It is proper that we thonld here remark^ that the patent right for 
Mr. Braners apparatus is not limited to the employment of carbonic 
neid, bnt that it extends to ail liqi}ids which arc the result of 
the condensation of the gases. The preference being liowever 
giren to the former, we may perhaps infer that tlic engine ue have 
to describe, in better adapted to the pecoliar properties of carbonic 
wM gas, than to those of the otbett* Carbonic aeid. gas may be 
' obtained by deeomposing any of the carbonates by the action or the 
oommon acids. The mmle of obtaining the liqnid from the gas, is by 
fornding the gas under a gasometer, and condensing it afterwards in 
another vessel by me^ns of a rondensino: pamp> and contiQiung the 
operation until it passes to the liquid state. 

The wparatos, as shewn at hg. '■Z, consists of five distinct 
^eylittdncsf vessds ; the two exterior vessels a and 6 contain the 
^ carbonic acid reduced to the liquid form, and are called the rmmwenj 
irom these it passes into the two adjoining vessels c and d, termed 
ejfpansion vettels) these last, liaving tubes of communication with the 
WOfking cylinder e, the piston therein (shewn by dots) is operated 
upon by the alternate expansion and condensation of the gas, giving 
motioi) to the rod /, and consequently to whatever machinery may 
be attached thereto. 

At the working cylinder e is of die nsnal coiistroctioo, no'loither 
tocription of that part of the apparatus is necessary; and as the 
wo vessels on one side of the cylinder, are precisely similar to 
those on the other, a description of the receiver a, and the cxprinsion 
vessel <?, will apply to their counterparts h and d; the two former, 
(a and e) are therefore given in a separate fig. (I) on a larger seale, 
in section, that their construction may be seen^ and their operatioa 
better understood. The same letters of reference designate the like 
pMrts in both figures. 

The oommnnication of the condensing pump (before mentioned) 
with the receiver a, is through the orifice g, which can be stopped 
at pleasure by the plug or stop cock //. U'hen the receiver has 
been t iiarged with the liquid and closed, a pipe i is applied to, and 
connected to the expansion vessel r nt k. // is a lining of wood • 
(mah(^any) or other non-conductor of heat, to prevent the absorp- 
tion wmeh wonld otherwise be occasioned, by the thick snbstanoe of 
the metal. The expansion vessel is connected through a pipe at, to 
the workiog cylinder a; these vessels contain oil, or any other suit- 
able Buid, shewn at a, as a medium between the gas and the piston. 

The receiver h n f^tronEr gnn-mctal vessel, of considerable thick- 
ness, in the interior of whi<£ are placed several thin copper tubes^ 
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ir^resented at ooo; tlie joints of ttiese tobes, through the top 
bottom of tlie receiver, are made perfectly tight by packing. 
The use of these tubes is to apply alternately, heat and cold to the 
liquid contained in tlic receiver, without altering very sensibly the 
temperature of the cylinder. The operation of heating and cooling 
through the thin tubes 000, may be effected with warm water^ 
sieun, or aoy other hedtin^ mediom ; and cold water, or aay ^otlMiir 
coding mediam. For this purpose the tubes 000 are vnned by 
a* chamber and cock pp, by the opening of which, with the pipes 0 0, 
hot and cold water may alternately be let in and forced through, by 
means of pumps, the cocks being worked in a similar manner 
to those in steam engines. 

Now if hot water, say at 120^, is let in through the tubes of the 
leceiver a, and cold water at tlM same time through the receim 6, 
the liqmd in the first recdver will operate with a force of about 90 
atmospheres, while the liquid in the recelrer b will only exert a force 
of 40 or 50 atmospheres. The difference between these two 
pressures will therefore be the acting power, which through the 
medium of the oil^ will operate upon the piston in the working 
cylinder. It is easy to comprehend that, by letting hot water 
through the receiver b, and cold water through the opposite one a, 
a Te-action mil take place, which will ^rodvce in thd wfirUi^ 
cylinder e, an alternate movement of the instoOj applicable by the 
rod /, to various mechanical purposes aS may be required.* 

We have mentioned more than once in the course of this work, 
that metallic pistons have been considered as a very useful substi- 
tute for those which are packed with hemp or cotton. We have 
already given, at page n description of one invented by Mr. 
Cirtwriffht, which, as we obaervedj is continned to be- used to this 
day. We are now about to describe that of Mr. Barton^ patented 
in 1818, and explained as follows. 

The annexed figure gives a horizontal section 
of Mr. Barton's piston. It is composed of three 
segments a a a, forming together a circle, they 
are made either of brass, or cast steel, hardened 
' and tempered. These segments are preserved in 
• their places by three triangular metal wedges 666, 
which act equally upon them by the pressure of 
three strong helical springs ccc working over 
three steel pins (not shewn). When the segments become worn, 
the wedges are protruded forward by the force of the springs, and 
fill up the space they would otherwise leave unoccupied j by which a 
perfectly close contact is uniformly preserved for a very considerable 
period of time. 

. On the exterior or periphery of the circle formed by the segments 
and wedges, tluree grooves are made all round } the Upper and lower 
are to contain two metal rings with a cleft across eacn, which just 
fit flush into them these serve to keep the several parts together, 

' • ♦ Register of Arts and Sciences, vol. iit. pp. SSS^GO. * * * 
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to as tp preTOi^ any displacement in pnttbg in or taking ont the 

Siston from the cylinder. Tbe middle groove is for the pniyoM of - 
olding grease or oil to lubricate the piston and cylinder. 

Mr. Barton has succeeded in bringing this kind of piston into use 
somewhat extensively, and has obtained the certificates of several 
respectable persons, as to its effectiveness and ntility: from among 
^km^ we quote the ankbority of Messrs. TkomhiU and Morley, of 
Ifyw Bond Street* who state, that previous to the adoption of 
Mr« B.*S piiton, they required the steam to be raised in the boiler, 
to the pressure of 73lbs. on the inchj but that since that time, their 
engine can do more work with the steam at 431 bs. only, and that 
during three years they had not a single stoppage, as it continued 
perfectly tight. ^ ^ . ' 

The objection which it urged minat this piston is, that tbe 
wedges ifbl, advancing forward as they become worn, quicker than 
the segments a a a, there will be a tendency in them to cut grooves 
in the cylinder, by their points constantly working up and down, 
or that if they should not produce this effect, then they will be 
prevented (by the resistance of the cylinder) from forcing out the 
segments, so as to keep them tight against the sides, and thereby 
prevent the steam from escaping, past them. It is also oentended, 
1^ as tbe segments are worn away, they will not fit. closely to tho 
circle of the eyUnfler, because the carvatore of a small drele, never 
can be in contact with that of a larger, excepting in one point. la 
reply to these objections, the inventor appeals to the^ actual eicperi- 
ment, and certainly it appears that practice has not warranted these 
conclusions, it being found, that those points which are most 
forcibly pressed against the cylinder, are soonest- worn away, and 
thmfoi^; that the poinU of the wedges, and those parts of the 
segments which ar^ most fiofdhly presMd against the cylinder, are 
sooner removed by this sdf correcting process; so that the whol^ 
is kept perfectly circolar, and in close contact with the cylinder. 

A patent was also obtained by Mr. William Jessop, of Butterley, 
Derby, for a metallic piston, which ^ formed only of one piece, of 
a^s^iral hgore, as below. ; < ' ' . 




The piston is first to be bound round with hempen packing, as a 
bed for tpe metallic portion, and to prevent the escape of the steam. 
The spiral spring is placed between the upper and lower plates of 
the piston, throagh which screw bolts ai« passed, and by turning the 
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initt^ Iha plates are broiwht neaser to one aaotlierj and llie metallic 
voOm m thereby pressed closely tofpeliitt. ^Thne reetrabed abofe 

•ad below, Uie metallic coil w to expand and contract laterally 
Mainst the sides of the cylinder, and while it shall efifectually prevent 
the escape of the steam, to press with the requisite force^ u|iiiformly> 
ao as to produce very little friction. 

On this plan it may be said, that though the method of l^hten- 
ing like, packing as It wears, Js s^ple aad easy, yet it dw -wik 
•mate one of tbe objectldiis agiqnrt^ liempen packii)g, hamelyf the 
datfj|er that a careless, or even an experienoed workmaii, may 
screw it down so tight, as that, nearly all the P^wer of the engine 
wUlJ^ absorbed by giving inofion to the piston. Though perhaps this 
will appear a matter of trifling importance, as it will be answered, 
that such a fault can be easily corrected, yet it is found, that many 
eoginemen are extremely careless on these matters, so that ft 
is desirable, if possible, to have the piston of each a construction, 
as to be entirely out of their power. Howem, in the hands of 
nn-ingenious and attentive engineman, theses pistens ert Imd ilp^be 
Tery useful and economical. 

A great variety of forms have been given to the metallic piston : 
generally, however, tbey^partake in some degr^,^ pf the pri|i4plcs 
of those described. ' 

A patent was obtained in 1883 for a Rotative Engine, by Messrs. 
Beningfield and Besl, of London, which resembled in principle those 
elMesan. Cartwright, Malam, Rontledge, and CShapman. It differs, 
howerer, from most of these in some points, namely, that its ex<? 
temal cylinder revolves whilst the interior one is stationary, and 
. the motion is communicated to the machinery by a spur wheel on 
the cylinder working into another spur wheel on the shaft. The 
internal arrangements of the engine approach nearest to Chapman's 
(page 150) of any of the a|io?e engines, tlie diiliereoce being tbal 
tne leaYes or valves are nxed to the exterior cylinder, land the 
|nston or steam -stop to the interior cylinder. There are many 
ingenious contrivances for the simple working of the different parts, 
and for keeping the whole apparatus steam-tight without much fric- 
tion; and judging from the small engine which we have frequently 
seen in operation, and which has been working for nearly three years 
at the mnnn&ctory of Benin^|field and Go. we are imdined to judge 
more fiivonrably of this rotativo engine than any we have y^ notiped# 
On a small scale there is no doubt of its utility, and we can see no 
reason why a large engine should not be found effective. 

Captain Walter Foreman, of Bath, obtained a patent ifk 1^94, for 
a Rotative Engine, which is thus described. 

Fig. 1 is a side view of the steam wheel, with the casing removed 
to shew the situation and construction of the valves, and their mode 
of action in the stesm-way. m a is tbe steam whe^ revolving upon 
its axis 6. a defgh are six flap valves, having s^|am-tigbt jointi, 
and fixed to six bloclm..on the .periphery of the steam wheel; three 
of the valves are shewn open, and three dosed, t is a fixed stop for 
arresting the course of the steam % it is pompp^ o^ an upper and 
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lower piece accurately fitting the sides of the chamber, and connected 
together by means of screw bolts, so contrived as to admit of an easy 
adjustment when the lower curved surface may become worn, by the 
friction of the periphery of the steam wheel in its revolution, o is 
the anti- friction roller hxed to a springing curved arm, and screwed 
to the stop r. 

Fig. ^ is a vertical section of fig. 1 through the axis ; a a the 
steam wheel, b the axis, g h two valves, by which is seen their 
tapering fignre, and the conical form of the casing which encloses 
them ; the lower valve is shewn as closing the steam-way, and the 
upper one as leaving it open. It will now be perceived that the 
valves from this peculiar shape do not, when moving backwards or 
forwards, even touch the sides of the casing, consequently all friction 
in those parts is obviated j the dotted lines in the upper valve, are 
intended to illustrate this observation, as they describe the course of 
the extreme edge of the valve, when in the act of opening or shutting 
the tteam-way. . ^ • 

The mode of operation with this engine is as follows : steam as 
admitted by the tube j, which immediately fills up the space between 
the stop f and the valve c, and the latter yielding to the expansive 
force of the vapour, gives motion to the wheel aa; when, in the 
revolution, the valve X takes the place of r, the flap of h (swinging 
upon its joint) falls by its gravity into the same position j the steam 
then acts against it in like manner as c, and successively the valves 
g fe d in rotation, as fast as the wheel revolves, the steam finally 
escaping at the pipe k ; the friction-roller o pressing down each flap, 
as they pass under its operation against the periphery of the steam 
wheel.* 

The only novelty in this engine is the form of the valves, which 
are not rectangular like those of other rotative engines on a similar 
principle, but taper outwards. The reason of their being of this 

• Register of Arts and Sciences, vol. iii. p. 217. 
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form is, that thm may be noldction from their aides rabbiog agaiasl 

the lids of the cylinder^ except vtkea they ^re opened out as at c (/ 
and further^ that as they become worn it is calculated they will still 
coiiti!iiie tiglit, because all the three bearing sides will, by being a 
little further opened, press upon the several surfaces over which they 
pass, and so continue to be steam-tight. Though, perhaps, a valve 
of this form, acting in a circular channel .of the shape here given, 
may coDttaae steam-tight for ^ great leagtli of ^e, yet it vnfortii- 
sately hiqipens that a leaimge is imloced in another way by the 
wearing of these valves, as great, if not greater than oonid have been 
by tl|e wearing of rectaagnlar valves. 




ys==:^ 

These valves must, in order to pass under the steam stop, fall 
into recesses in the interior cylinder of the form of fig. 1, and if very 
accurately fitted to the sides of the recess (a very difficult operation) 
may at hrst be tolerablv steam-tight, but by the continued weariog 
of die three working siaes of the valve, ab, ic, and d e, against the 
cylinder and lids, the valve then will become too small for the recessi 
nod appear when shut as in fi^. 2. Now, snpjMsing the stop, t, to 
be represented by the dotted hoes, it will be evident that whilst the 
stop and valve are, as there shown, the stcara can freely enter the 
opening between the valve and the sides of the recess, and escape 
through that opening (say from « to Therefore, as there is at 
all times one or other of these valves under the steam stop, the 
leakage of course will be constant, and in a short time so great as to 
tender the engine qnite inefibctive and nsekas. Of the great fricdoa 
we say nothing, having already trafted of that when spMking of the 
engines which nearly resemble this in all the points except the 
variation here described. 

A patent was obtained in \8'-25, by Mr. Joseph Eve, (late of the 
TJnited States, but now of Liverpool,) for a Rotatory Engine, the 
following description of which we extract from his specification. 

" Fig. 1 presents an end sectiou, hg. 2 a loogitadinal section of 
the said engine, on the simplest manner of oonstmctioa. The same 
letters refer to similar parts in all the figures. 

oo are the cylinder and cone, rev<dnng in contact in opposite 
directions, the cone having one groove and bdng one third- of the^ 
diameter of the cylinder, which latter has three wings or pistons* 
cccy the ends of which as they revolve, touch the outer case e, 
and do not admit any steam to pass. The steam is admitted 
through the pipe /, and actiug oa the wing c, causes the cylinder 
to revolve natii the said wing passes the pipe g, when the stratum 
of steam lodged between eaca two wings, is allowed to escape. 
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The wing, wbich has thus passed, falls into the groove d of the 
cone, the bottom of which groove it touches in passing, thus 
allowing no steam to escape between. The said wing c then passes 
again by the steam pipe and is acted upon as before described, 
and so on iu rotation. The cylinder a, which is firmly fixed to its 
axis ht rests on one side on the outer case 0, through which the 
axis projects, but as there is some friction produced by the revolu- 
tion of the said cylinder at its two ends touching the outer case, I 
have placed a false end h h under the opposite end of the cylinder, 
which false end slides on the axis b freely, and has a thread cut at 
the end, by means of wluch and the adjusting nut t, the cylinder, 
if worn at the two ends, can be easily tightened and adjusted. 
The adjusting nut is confined by the collar ky which collar is 
screwed to the outer case. The conical shape of the small runner, 
which can likewise be moved upwards or downwards in the outer 
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case, eervcs to keep tht two coBTex snrfom of , the cylioder and 

cooe in contact. 

** The groove d ia the coDical runner, is cut into a separate 
piece of metalj which slides by an adjusting screw o up and down, 
so thai when die engine is adjusted, the groove d, on the piece of 
metal, into which the said groove is cut, can be hioved np and 
down, so as to fit the wings the cylinder. 

" Letters nn in fig. 2, present two cog-\vhccls ninnini; into 
each other, attached on the outside of the engine to the axis of the 
cylinder and cone, placed there for the purpose of producing a 
corresponding revolution of the said cylinder and cone, thus causing 
the groove of the cone to. present itself regularly to the wings of the 
cyliMcr 3 o is a pinion fixed to the other end of the axis, by means 
or which any machinery can be put into motion. 

*' Another variety of constituting a steam engine on this principle 
is shewn by an end section view in f\g. 5, and an external view iu 
fig. 6. This engine has a cylinder with two small conical rutuu rs on 
each side, the said conical runners being of the saiuc coii^>t ruction 
as before described, with one groove cut into each, and being one 
third of the diamc^ter of the cylinder. There are two.indaction and 
two ednctioQ steam pipes, and, although the engine may be, with 
the exception of the addition of one of the conical runners, exactly 
of the same she as the one first described, a double quantity of 
steam is requisite, and twice the power of the former engine is 
gained : the steam enters tbroirgh the pipe / a, and acts on the 
wing c, wjiich after having passed p^e g 0 where the steam 
escapes, falls into the groove a of the lower cone, and appearing 
at the induction steam [npe /6, ia loaded again with steam pressare» 
which it discharges at the second eduction pipe g 0, and then enters 
the groove of the upper cone, after having passed which it is loaded 
again at the first mentioned induction pipe. 

" Letters m m are bridges, by which the spindles ou axis hb b are 
supported. This engine has three cog-wheels n n n attached to the 
three spindles, so as to cauee the cylinder and cones to .revolve in 
vnisoa, and like the first described engine* a pinion 0 on the opposite 
end of the s^xis of the cylindei*. Fig. 7 shows an end sectioni fig^B 
a longitudinal section; and 'fig. 9 an external view. 

'f The two conical runners in this engine arc of an equal length 
. and diameter, each has two wings or pistons attached, and two 
grooves cut into it, and in revolving iu opposite directions, the 
iving of one runner falls alternately into the groove of the other. 
Tbe.9tetfm enters by pipe /, and as the cylinders are running in 
.cpntact^it cannot escape between them, bot acts upon the two wings 
in opposite directions, and escapes at the eduction pipe ^, after the 
said wings have passed the same. By reference to fig winch 
, represcnfs a longitudinal section, it will be seen that the two cones 
have each two false ends sliding freely on their spindles; the 
, two outer cases ee fit over the runners and their wings exactly, each 
. of the four false ends has an adjusting nut by which the ei^ine is 
.tightened.if jteanuhovld esicape, or slackened if it 'shodd rnn>oo 



Hlbt. Each piir of the false ends, iiliiire they join, hiiW'ft plttt4i 
t^at connects them and breaks their joints, so as to prevent escttpeaf 
^eam, this plate/? slides into the groove r cut ont of the false ends^ 
MilakibiM by fiif. 3 and fig. 4, the former showiilff an €nd «kW nf 
iifo ftdrt'ettdvwMi fUe eowitetikig ^late in the middte. ' OntUM 
false ends packing rings, ggg", .wnch are confined to the slidlai^ 
^te as exhibited in the latter figure^ are placed. These rings preM 
against the hollow ooter cases, and preyent any steam escaping hf 
fheni. These packing rings are shown in section, in fig. 8. It will 
be evident that the false ends need not be made true, if the connec-* 
tiikg pUites and packing rings as above described, are adopted, and 
flMit the eng:ine, if provided wtthiMiveabte fidse ends, coaieal ita'an^f 

etWe ifcft deicnbed condfsctwg plates, and packing rioM attaclied; 
shown in fig. 8, can always be sept steam-tight, and by use,, the 
VaHooiB parts on which there is any frktioa, will fit better."* 

A patent was obtained in 1826, by Lonis Joseph Marie, Marqnis 
€e <%>nibis, of London, for an improved Rotary Bngioej the principle 
ef which is as follows ' ' . • -•ir "r-'M 
- A piston is maide to circnlate within a wUeal lioQo#'rhigi by 
WiSlii^ wmS^ at t#o o|i|MMite points ef the diteneter ol 

the latteir/ and discharged through perforations in the central lMSi 
6f the pilt^B/^SB4 |ll iti ttt^ which hollow ring is ae^gtiriled 

into two eq'nal portions by sliding valves, that pass across its ci&vity 
bn to the axle^ at its different sides, and which are withdrawn sue* 
cessively as ttie piston approaches to them, and are instantly rephkced 
as soon as it has passed. * ' • ' ' ■ ' • ' 

^' This Ibftb '•r Ihfr isilib, ^ cteiiini tiw 1iello# ring, may be 
top^fed bf snp^esiiig a iUt c^lindir with Its' angles ronndddroil 
Ironi ii^faleh rcctai)giilai^ pieces project it opposite sides of its diameter^, 
to contain the sliding vdves. This case is divided into two cqod 
^rtions, by a section throogh'the middle of the axis of its cylinder, 
and at right angles to it, each of which portions is again divided into 
\wo eqnsi parts by lindtKer section, that passes in the plane of the 
'«x!s, iind throngH ihi^ibidiit of the valve rec^tacles ; the four piecef . 
thtA ISsnned by the aMIion^i are «liitied together by icmr Mit 
'^ nnts, parsed flenches cast on them for their teceptioB. 

^A perforation is made throiigh the middle of the cylinder in the Hie 
'if its axis, wliose diameter is between three and four tindes greater 
than that of the revolving axle of the engine that passes through its 
centre; and at equal distances from it, all round close to the sides of 
the cylinder is formed the anonlar cavity, or hoUow ring, in which 

m Mte'^oMi;' •■■ ' /"mKoo.. 

> '>«Tlfe skIo or flMf enghie piNjects aieontidei^ (fiitaiioe l%iliid 
ffi^^^jfHndei''at each side, to allow space on it snflifcient for tlip re* 
eeptlon'df the niidn wheel (by which it gives motion to the maclunes 
vrith wliith it is connected,) for the fly-wheel, and for the parts tbat 
iqipel the apparatus, which works the sliding valves of the hollow 
ring, and (hose of the steam box which communicates with the oppo* 
iiU sides of its diameter. In the niiddle of this axle is a boss, or 
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enlarged part, of the foil diameter of* the perforation of the cylinder; 
but ouly of the thickness which is found necessary for an arm, that 
passes from it to the piston at right angles to the axle, whose breadth 
regulates its size : and for the revolution of which, along with the 
piston, a circular cavity is left between the two lateral divisions of 
the cylinder. 

^,5*'. To make tiie cavities steam tight at each side of the boss round 
the axle, there is first a layer of hemp packing put in close to it at 
each side J secondly, a cylindrical piece is placed over that, round the 
axle, which closely fills up the whole central perforation through the 
cylindrical part of the case, in the external portion of which piece a 
hollow cone is formed, with its apex next the boss, from the top of 
which ears prt^ect at each side, through which screws pass that draw 
it towards the case, and thereby compress the packing between it and 
the boss ; and, thirdly, a conical piece, perforated to receive the axle 
in its centre, and ground so as to fit the conical cavity truly, is placed 
over the hole, and connected by sliding side pieces to tlje axle so as 
to turn along with it ; while from other pieces, also attached to the 
ap(le, screws parallel to it project so as to press it towards the centre, 
'•d J '* The piston (which is called a side by the patentee) is made 
steam tight by two layers of metallic packing, (each formed of three 
segments of a circle equal to it, having three triangular pieces pressed 
into the angular cavities, formed at their points of junction by helical 
springs that proceed from the centre,) whose principal pieces are so 
arranged, tliat the joinings in one layer are covered by the middle 
parts of those in the other layer. And the sliding valves that pass 
across the case horizontally through the hollow ring to the axle arc 
made steam tight at the sides, by fitting closely to the parts of the 
case through which they pass, and next the axle by a metallic packing 
pressed towards the latter by springs; and as it is expedient that these 
valves should be thin, that the piston may pass the cavities through 
which they slide, with more facility, to give them at the same time 
sufficient strength, ribs are fixed to their faces in the direction of 
jheir motion, for which there are corresponding grooves formed in 
the projections of the case, into which they are received, which pro- 
jections extend sufficiently to enclose them at every side, only being 
perforated opposite the middle line of the slides, to allow of the 
_passage of rods, tlwit proceed from them through stuffing boxes, 
. similarly to piston ro<ls, by whidh rods they receive their motion. 

" To connect the main wheel with the axle, two circular discs 
are fixed to the latter, so that one of them may be pressed toward 
the other, by screws from other parts proceeding from the axlej and 
'^e. main wheel being placed between these discs, with its centre on 
the axle, is so coii^prcssed between them, that it revolves vAth them, 
so long as the resistance of the work to which it is applied is less 
than that caused by the pressure or friction of the discs ; but should 
, tte former become the greatest from any accidental obstruction, the 
,^iscs_ will pass round without moving the main wheel j by which 
oieans tfie destruction of material parts of machinery will be pre- 
vented which m^ht otherwise be liable to occtir. 

" To one of these discs just mcutiooed^ a 6at toothed plate is 
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. «X.Uc)iecij whose ftbape and teeth correspond with those of two ec- 
Mifirlc'^lral todthed caas» one of irUch S»flMfed^'«Mlt«Mb of il» 

-«iidfhM vAicIl eoDnMting bm procee4 tx> crank pieces, thstby 
Hwie cams niare forward and retract the sliding valves of the iioUow . 

ring, at the proper periods} at the parts of these cams that are 
. farthest from their centres, the teeth are serrated, bot at thone more 
' centrical, where they approximate to the form of QH^eSj the teeth 
are similar to those iu coiomoii use. ' ' : -^^ . 

The fteam passes from the boiler, that is nel dwriM, by « 
tttbe fbniishcd with a ooclc» ifof whidi tbe paoaage M bto dMaisfaed 
m defined,) to a steam receptacle of a semi-annalar limn,> and of 
aboBt the same siae as the hollow ring, which is placed parallel to 
♦his Inttcr. From the opposite ends of this receptacle tubes pas* to 
the hollow ring close to the sliding valves j in which tiibes, where 
•they proceed from the receptacle^ are hxed other sliding valves, 
called cocks by the patentee, which are moved by a system of crank 
. kverv and coooecfing bara^ aonethiag similar 'to that oeedv iMr«tbe 

• valves of comaion steam eiq;ines, which receive their primary 'im- 

• poises from arms attached to the axle of the steam engiDe ia OMCh a 
manner, that the times and degree of their impulses may ber varied 
so as to diminish or increase the quantity of the steam admitted to 
the engine, by a little apparatus fixed to the axle, which couid^'not 
4be well explained without a drawing. . i . rrr ' 

** These valves of the steam tnbes, and the larger sliei^ ofttbe 
' heUow ring, are 'moved ao, by the auans desenibM, that aS' seoo «a 
&e piston panea one of the latter and it becomes closed, theeteaai 
tube* that enters the hoUow ling close to this slider and bet wear It 
and the piston, is opened, and the tube at the opposite side becomes 
closed, which latter, in its turn, becomes opened as soon as the 
piston has passed it and the slide at the side close adjoining. ^ 
' ' " The bteam, alter paasiu£ out from the hollow ring/ througli the 
perforation In the boss and the tobnlar pataago in the axle beiblo- 
aaentioned, entera a oondeMing vessel where the grealiest part^tff it 
' iaeondenaed into water, and/through a spiral tube or wotm in- the 
vessel, runs from thence by a pipe into a closed reservoirv whidi 
communicates with the bottom of the pamp thnt siippHes the boiler; 
to which pump also another pipe rises from tfie cold water well, 
which being below the level of the reservoir, the water only ascelnda 
from it, when the latter is empty; and when the boiler is sui^cieotly 
•lollv the pipe of supply is closed by the^riilDg of alialancad flMln|^ 
weigfat. This pump is worked by a revolvbg-cnnk, ^hat eomMni;» 
csates with the main axle, and which tnrna ina hoHtoatal slot' In a 
•piece attached to the top of its piston rod. ■ . ' 

An open oil vessel is placed at the top of the holbw ring, from 
which a pipe passes into it that is closed by a cock made to turn 
.round very slowly by a pinion attached to it, in whic h another pinion 
nwrka; whose axis extends to one of the discs on tlie maiu axle 
where a-wlBB^iafiistoDedto It, in^wfaieha pin projecting froi»tfaO 
disc strikes^ edce in each revolBtion.of tho utter> and movaaiNbr^ 
jvards the ext^ o£ n4h|gio^toolli;*'t .^:d!w . i ' : r 

- , ? , . , *. Repertory of PaUeiit luyciiiious, vol. iv. pp. 240-5, 
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4Wi;ti#M MMt MHMI la ito prlMiple, to «bni.i^itMM% 
Mid MeplkTinlariM the ^ of thft diden piiM» 

together with aome of .ih0 IflMor a iiMg i iMP l l j ♦ b<ipg n^uly 
■iiDiUr. Some of tbe improvemeets are very ingenioos, and, (fti 
the whole, perhaps there is less liability to i^aste of steam : but it 
is oar fear^ that the great obfeotion to many rotary engines, ttameiyi^ 
the atrUaog of the sliders,^ will remain here in fall force. , - > 
We now come to describe the rotative £or which tfci^.iMliMr 

**! Bgmfi^ Me RroBliipMoe,' rapraMBta«i«levatioD of the exteiiMr 
. •! this jpotarv c^ne. Ing, d represents an md view : Fig. S repre- 
sents a seCttMl of Fig. 9 : Pig: 4 of Fig. I. a a. Fig. 1, 3 and 4, 
Is the cylinder, hp\nii accurately bored in the saiue raauner as the 
cylinder of other sti nn engines, excepting that at the two ends there is 
A rabbet, llie iluii^cb are also turned rectan&ularly to the cylindric 
iptrtyBoastobejqaiMtaoiithaBdtMoiftteir&cef. TIm lidtorcapt. 
iii, (lr^,S), itrotUttdliOD their tem alio, ^mthMtrnft' 
-iil fttim eiof.- At / they project Ufci w iJs , And lorm the eyttndric . 
ilMMf d d, (also toraed), until ^tfa^ nearly meet each other in tHie 
interior of the cylinder, leaving only a space of about two inches in 
large engines, and a proportionably less one in smaller eoffines. The 
temed flanges of the lids being ^ound against the tamed flanges of 
the cylinder form a steam tight joining, which is made iddltionaJly 
•aom far tteioacaar ar aagla af tha lid Magr tha laMalM gMMsa 
MafasittM rabbatia tha cyKidar. On opposite rideaoClhsoyKadtr 
:Wlg. there are two apertures cut quite through of an eonsl bw a dth ^ 
and extending tbe leogthway of the cylinder parallel to the axis, and 
of snch a length as to reach about three quarters of an inch over the 
flat parts c f, of the lids. Grooves of a corresponding breadth, and 
3-4ths of an inch deep, are cut in the lids from c to in a dire^ 
Use to the axis. Similar grooves, / f, are cot in the bosses pstaltol 
ta tha alia. Tbeaa ava aboat an iadi dam, and* of ilMi laais 
'breadth as the formar. The dimeosiMis of tbaaa gMpirte^'wiU he 
wiad» to sait the siiie of the engine. It is apparent that a seetiofei ~ 
from y to jr. Fig. 2, will pass through tbe centre of all these 

Sooves. The sliders; Figs. 3 and 4, are two plates of metal 
[red with a thin facing of brass or gun metal ; they are of such 
a thickness as to move freely in their respective grooves, of snch 
atoagUi' as ta aHaad from &a bfftttva of the groow in aiteh^ll4» r 
Mbd aH aacb a bmHli ii la nnSk from Aa aotiida«f ^ cyliadsir ^ 
to mmAy Uka botlov .of die groove f/i The parpoaarof thasa grootas ^ 
is to form a bearance for the sliders, which being made smooth and 
flat, and afterwards ground into their places in the grooves, become 
steam tight in every part, exceptioff at the space left between the f 
bosses. Now there is a central plate (Fig. S and 4), which is ^ 
attached to and revolves with the axis e e. This plate is of a thhdt^^^ 
a«8B safidaat to aacapy Che spaoa batumtha bosaaa^ aMl is^1ife|K j 
alMm tight by tbe. cfacalar riagi 1 1 and 9 S, (plaM in recesscl 
laMd ia the bosses) pressing apaii each sidiB of Oja pllta'ar. Undtf- 
neath each plate is introduced a qaaatity of ' hampeh or totton paelt^ « 
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the steam between the ring and its recess^ and that the elasticity of 
the packing, by keeping the ring pressed upon the plate, prevents an 
escape in that direction. To make the sliders and the central plate 
form a steam-tight union, small pieces of brass are screwed to the 
sliders, and thereby allow them to be brought into contact with 
the edge of the plate, jr, without permitting any part of the sliders 
to touch the bottom of the grooves, fjl At opposite points of 
the plate x„ there is a small portion of the circle cut away, (see 
Fig. 3). The purpose of which is, that the sliders may be moved 
into their places without noise, for that is produced by the striking 
of two substances together, and these sliders cannot strike iigainst 
the bottom of the grooves, nor yet, from thf external camj' agsihst 
the periphery of the pliifce.^ ^;. .^.L.. - : ; 
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The boxes or cmses^ t i, 1, ^, 3 and 4, are for the reception of 
the sliders when they are withdrawn from the cylinder. Staffing 
boxes, jj, are placed in the middle of the bonnets, through which 
the rods, k k, are worked. These rods are attached to the sliders by 
means of cross pieces, b b. Fig. 3, which are dovetailed and bolted to 
them : and at the outer end they are keyed to the cross heads, tn m, 
1 and 2, similarly secured to the rods, n n nn, which are forked at 
the ends nearest to the axis. A small spindle passes tlirough the 
ends of each fork upon which run three friction sheayes, the larger 
ones, 0, Fig. I, being placed between the forks, and the smaller 
ones, pp, on the ends of the spindle. They are not fixed to the 
spindle, and therefore may revolve separately and independently of 
each other. 

The piston consists of four pieces of brass or gun metal, of about 
9 i inches in thickness, filed or otherwise made perfectly smooth, and 
uniformly thick. Each piece is in. the form of the letter L, in the 
interior of the piston ; and spiral springs, acting against jui al^utp^ent, 
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force them outwards. Two platea of metal, having a facing of equal 
breadth to the brass, are laid on each surface of the brass pieces, and 
pressed oa them by means of the brass bolts passing throogh the 
uMa of the pbton*. These plates and the brass pieces bdng pra* 
TMMiBly gronnd together, prereut the steam from escaping between 
them; and, as an additional secarlty, there are semi-circolar grooves 
cast in the metal plates, into which hemp or cotton is stuflTed, and 
by pressing on the brass prevents ibe possibility of an escape, except 
at the points of union between the brass pieces. In order to make 
these parts tight also, small overlap pieceii are sunk into the brass 
abont one-fointii of an inch, and as the piston wears away and widens 
the openings between the pieces, these still oontinne to cover then. 
Those parts of the brass wbicb are against the arm of the piston are 
let into recesses, and hemp or cotton is placed underneath them 
which prevents escape in that tlii cct^ion. This is called a compound 
compensating jiistoii: it possesses the property of being more tight 
than metallic pi>tuits are geiteraUy, (by the ubiug of both hempen 
nnd^ metallic packing,) and also being equally free and not linble to - 
be jammed when heated ; this latter qualification arises from making 
the bolts, which hold the plates together, of tiie same material na the 
wearing part, by w hich means the distance bctw^n the plates, when 
heated, is as much increased hx the expansion of the bolts as the 
intervening i)\Ofr< ^rp expanded, ^ -Ttsoquently ttiev cannot he boond 
or jammed m iuaa places under any variation oi temperature. 

There aro fosr valves in this engine j two of them are placed in 
each lid. Thav consist of circniar brass plates, the bottom ones being 
c emented or o^herwis^ fastened into a recess in the end cast tot them ; 
the upper plate then is placed above, and both being previously 
ground together, the steam cannot enter the cylinder but through 
them; that is to say, when the holes \n each plate are placed over 
each other, the valve is open, and wlten otherwise shut. A plate 
covers the recesses in which the valves work, and may either be cast 
with the ends, or afterwards bdted and cemented to them; the 
spaces between the lids and the i^ites form circolar chmmbers; and 
have^ each three openings; two drcnlar ones, large enod^ to gel 
readily to the valves, and a rectangular one, to which a steam pipe 
is attached. Bonnets cover the circular holes, which are thicker in 
their centres, having a cylindric hole large enough to admit smaller 
bonnets, O O, Fig. 4, to be placed therein. Sp indies previously 
keyed to the moving plate of the valves are brought through O O to 
the exterior of the lids. These valves ind the spindle are kq>l steam 
tight by the screws of O O being tnmed a little round, which presses 
the bonnets, 00, in the first instance Upon the enlarged part of the ' 
spindle, (shown at Fig. 4,) and also upon the face of the fixed valve 
plate. Small cranks, 8 8, Fig '2, arc attached to the outer ends of 
the valve spindles, which at e connected to the gear, 9 9. Upon this ' 
gear^re fixed two friction sheaves, which being acted upon by the ' 
cam,i>l, at proper periods, the cranks, and cooseqaently the valves, 
ar^ alternately moved to and fro by the revolntioo of tne axis; ee.* 
one of them opening when the otiicr is cbsing, and »w# verta, * 
) .^3« Fig9'.lfBd arefewocams^ on^balf of which (namely, frdm^- 
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4 to 5) are concentric with the axis, and the other part is the ccr 
centric or cam part, by which the sliders are moved. The motion is 
produced by the eccentric part acting on the sheaves, o o. Fig. 2, and 
moving them to and from the axis. The smaller sheaves, p p, ran 
between guides, (see the dotted lines. Fig. S,) which preserve a 
vertical rootioo to the rods n n, 

^- The holes through which the steam escapes and is admitted are 
placed as near the slider as they can be brought, and are shown for 
the purpose of illustration, as being all in one lid, at Fig. 3, though^ 
as has been previously stated, there are two in each lid. The effect^ 
however, would be the sam^ were they as represented in Fig. 3<. and 
therefore this mode of explanation will be as clearly understood. 

A pipe is brought round, as at A, Fig. 2, into a steam chest, 
Pjgs. 1 and 9, in which latter is a common slide yalve. Into tiiis 
steam chest the steam is brought from the boiler by the pipe C, and 
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4^apes into the atmosphere or condenser by the pipe D. Tiiis blide 
valve, and the apparatus coauected with it, are for the purpose of 
reretfimg the motion of tlie engfaie. ' 

In oraer to pot this engine in operation, steam is admitted into 
the steam chett when the slide valve ie placed in sndi a position 
as to nllow the. steam to enter into one end, and escape at fhe 
other, or in other words, vfhen the valves 6 and 7, Fig. 4, arc 
the induction valves, and 14 and 15 the eduction valves,- ruici when 
the pititou and sliders are in the position shown at Fig. 4. The 
valve, 14, is then open, and commnnicates with atmosphere or ooa- 
denser^ and the valve, 7, with the boiler; the steam^ therefore* 
entering throogh 7* rushes against the piston and the upper slider 
which becomes tlie abutment against wliich the steam exerts its 
force. The pis^n recedes from the pressure in the direction 
of the arrow, turning with it the ceutial plate, .r, the axis, ce, 
the cams, 3,3, and the valve cams, 01,01. As the shaft turns 
theiiefore, the cam 3, Fig. 2, revolves, and the cam or eccentric 
part gradually leaves the lower rods, n n, and presents the 
centric part to the shwes of the said rods. Now the lower cross 
bead being pressed upwards by the counterbalance, E, gradually 
ascends into the cylinder, t«o that when the point 4, is in contact 
with the sheaves of the lower rods n n, the slider has then reached 
its place in the cylinder, being nearly in contact with the central 
plate F, and also upon its l>earance in the srooyes before mentioned ; < 
the piston inUlne then at the point 6 of the cylinder, and both the 
sliders shut the two valves, 7 and 14 only being open. Now as the 
piston continues to revolve, the cams 3 3 are gradually opening the * 
upper slider and the cams 10, gradually shutting the valve 14 and 
opening the valve 15, so that when the piston reaches the valve 15, the 
former is completely shut, and the latter completely open, and when 
the piston rei^ches the uppr slider, it is completely withdrawn from the 
cylinder, and lihereby allows the {dston to pass it. At this point, 
the steam is entering through and escaping through 15, the 
lower slider being then the abutment upon which the steam acts. 
After the piston has passed the upper slider, the cam 3 allows the 
piston gradually to return to its place in the cylinder, and after the 
piston has passed the valve 6, that valve begins gradually to open, 
and the valve 7 to dose* Therefore, when the piston Uiis reached 
the pipe H, the upper slider is in its seat in the cyUnder, the valves 
7 and 14 are quite shot, and 6 and 15 quite open : the cam 4 then 
begins to give motion to the low^r slider, as before described, ai^d 
the cams 10 to the valves, so that a iconstant rotation the axis Is 
kept up. 

To reverse the motiop of this eiii^ine, the sliding valve in the 
steam chest U moved on its face, bo that the valves G and 7 become 
the eduction valves, and 14 and 15 the induction valves. Supposing 
the piston therefore in the position shewn In Fig. 3^ and the steam 
previondy enter! up; through 6 and 7, and escaping through 14, it 
will be seen that if G and 7 become the escape viUvcs, and 14 and 
85 the induction valves, the steam from tlie boiler will then rush 
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tbrough 14 and press ti|>on tlic iil^^Um, aud so drive it in a directioa 
contrary to the nrrow, ululst the steam, before actuating the engine, 
£scapcs through G and 7> wUicIi being sixut and opened at their 
pmper time by the asm lOj keep up &• rotatieii la the opposite 

Tbe diflknlties which have been eocoonteied in the constrnctioii ' 
of a rotary engine, have been so repeatedly enumerated in tbe 

course of this work, that it would be neeclless to give them 
here. It will be remembered that great friction, leakage, and the 
di^Bcuhy of maintaining tbe packing steam tight, have been gene- 
rally found the great obstacle to £e suoces^ul adoption of such 
CDginei« It U calculated tiiat tfaeae ob^ecttons bafe been reaioved^ 
by the anther** patent eagiDe. The friction baa be^a lednced in a 
wy ^eat dcgrae, compared to that ef tbe tedprocating engine^ 
the greatest being caused by tbe revoltition of the piston nnd shaft. 
The sliders are found to cause scarcely any friction^ as they are 
only moved, when they are surrounded on every side h\ the same 
medium t and as the grooves are suihciently wide, to alluw them to 
move withoot robbing against their ddes, tbe only resistance la 
earned by the rada worldag tbrongb tbe etaffing boxee. Tbe valToa 
alio bare the advantage of being on^ in motion, when tbey are 
surrounded by the same medium, and consequently the wear and 
friction is reduced, considerably below that of the slide of a common 
^glnc, which is only moved when under a pressure of gtenm. 

The leakage is found to be considerably less than the leakage 
of all the engines on this principle which we have Mtherto aeen. 
This superiority afisea ftvm the use of tbe eomponnd pacbiDg in tbe 
piston, by which a great defect in metallic pistons has been obviai' 
ted. This defect was the difficulty of making the metallic pieces' 
which formed the packing; of an equal thickness, and of bringing 
them in sufficiently close contact with the plates which enclose 
them : for it will be seen, that unless the whole of the metalHo 
packing were of an uniform thickness^ it would not, when moved 
Mt cf tbesitnation bto which it was at first fitted^ fit so doeely to 
^e covering plate, and consequently a leakage weald take places - 
By the improved method, however, it is not necessary that the 
packing should be so carefully constructed, because t!ie elasticity of 
the hempen pacldng, would make up for any little irregularity in the 
metallic part . 

The sliders are found ako to be much le^^ liable to leakage than 
the abutment of other rotary engines. This advantage may be attrl- 
bnted to the bearing in the grooves being inaccessible to «ie piston, 
or any other part of the machine, except the sliders themselves, and 
consequently the flat surface originally given to them, is not liable to 
be destroyed by wear, which is the case with those engines which 
have leaves or flaps, or even where there are sliders which do not 
' rest entirely in i^rooves as in tlie pi cseut instance. It is found also 

that llie^e bliUci b do not weui out of form, or become leaky, because 
owing to their vertical motion and tbe width of tbe grooves, they can 
hardly be said to tow& the sides of the grooves mtil they are Ibrceil 
lijgainat them by the steam, which only b^pens when they are at rest. 
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Not the least evil wliich the makers of rotary engines have had 
to contend with, has been the rapid dcstraction of those parts wbich 
bave stroek each other. Now this is a fault that has inyariably ex- 
isted in att the engines with leaves or slid^. It is however here 
completely obviated by the mode of bringing the sliders to rest, for 
instead of allowing them to strike the central plate, a cavity is formed 
therein at the part where the slider would (but for that cavity) have 
eomein contact with it. Tlie slider therefore can neither touch the 
bottom of the grooves in tiie bosses^ nor yet the central plate ^ the 
external cam work preventiog from reaching so far into the cylkideir. 
The edge of the plate sod the slider are brot^t into contact by the 
chrcular part of the former^ gradually mtrodoctDg itsdf like a wedge 
aader the slider after it is at rest, and consequentlyastroke is avoided. 

Tn confirmation of the superiority of tliis cnpne, we can state, 
that a small engine of about one horse power, has been in opcTatioii 
for many months, and, is found to possess all those advantages above 
stated. An engine of fifteen horses power has also been tried at the 
Iron works of 'Messrs. Hawks and Co. of Gateshead; ia the county 
of Dnrham^ which drove with ease a Ult hammer, tn which a larger 
engine had been previously applied. The engine was attached by 
temporary and very defective frame work to the hammer, and in 
consequence of an accidentally increased resistance of the hammer, 
the connecting shaft was broken, or rather twisted in two by the 
power of the engine, althougli the shaft was calculated as able to sus- 
tain a force full one half more than the assumed power of the engine. 
Another engine of twelve horses power is now nearly complete, and 
will in a few days be in operation^ in a steam boat on the River Type. 

We have in this and the preceding chapterA^ endeavoured to give 
to the best of our ability^ a faithful detail of what appeared to be the 
most interesting attempts to improve the steam engine. Wc cannot 
profess, amongst the almost innumerable patents which have apper- 
tuned to this subject, to have selected all the very best schemes j 
but have principally aimed at novelty and ingenuity, though the 
former may have in some instances, been obtained at the expence of 
vtiUty^ and the latter my Wve been the etevesceBce ol mia-diieeted 
talent. What modificitieii the steam engine may assume, hi the 
hands of those who come after as, is yet nndedd^, and wiU l>e for 
the future historian to record. Imagination may lead ns to specu* 
late, on the possible perfection to which this noble effort of human 
genius may be brought : but all attempts to set bounds to, or trace 
the progress of that which is yet in the womb of time^ would be as 
vain as they would be fruitless. 
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A dmONOLOCHCAL 

LIST OP PATENTS, 

m 

FOR INVENTIONS ANU IMPROVEMENTS OP OR CONCERNING Tim 

Steam icngine* ^ 



' 1698. Thomas Savery, of LondoD, tur raistag watar by ihe elastic force 
of steam ; and fbr effecting a Taeniiin by coodentiBf Mtean« to raiie 
water by the pressure of »he ntmosphere. 

17O0. Ihomas Newcomen and John Cawley» of Dartmouth) and Thomas 
8a very, of London, for condeodiif iteBm under a piston* Sec, 

1136: Jonathan Hulls, of London, for propelling a boat bj steoin« 

17^d. Jamei Brindly, of Lancaster* for a steam boiler. 

1766. John BUikej» London, fbr an improvement upon 9avery*e engine. 

17^. James Watt, Glasgow, for condensing in a Beparate ves-sel — using 
oil, fat, &c. instead of wafer — casing the cylinder — working engines 
by the pressure of steam without a vacuum — steam wheel — working 
engines by the alternate expnniloil and contraction of the steam. 

1769. John Stownrt, London, for converting rectilinear into rotalive molioD. 

1T12. John Chrysel, Loudon, fur au improved furnace. 

1778. Matthew Waahhoroogh, Brlitoly for converting rectilinear into 
rotative motion. 

1781. John Steed,. Lancashire* application pf the crank motion. 

Jonathan Homblower, Penryn, for an engine with two eyiinders. 

1788. JurnoB Watt, Birmingham, expansive engine — six contrivances for 
regulating the motion<— doultle acting engine — two cylinders — paral- 
lel motion, obtained bj a raclL and sector— lemi-rotative engine — 
steam wheel. 

1184. Ditto, ditfo, rotative engine — parallel motionn — portable engine 
and sleam carriage — working hammers Sec. — improved liand gear — 
improved method of worlcing the valvest 

1785. ditto, ditto, for a furnace for consuming smoke. 
. 1789* Thomas liurgesS) Londoa« for converting a vibrating into a rotatory 
motion. 

1190. Bramah and Dickenson, London, for thme totatory oagiaet* 

1191. James Sadler, Oxford, rotatory engines. 

r 1799. P. Thomson, London, for an en|^ with twd eyliaders* 
1794. Robert Street, London, for an inflammable vapow ragilie. 
1796. John Pepper, Newcastle, for saving fuel. 

John Strong, Bingham, for a new form of valves. 
William Batley, Manchester, for a DOW ttode of working. 
1797* £• Cartwright, Middlesex, for a aew condensisf ea|^i metallie 
^ N piston ; rotative engine. 

^ J. Grover, Cheshan, for a holler and furnace. 
It. Ro^vnfree, London, for a boiler and furnace. 

1798. W. l^^ley, York, for a furnace, boiler, and appendages. 
Johninkkson, Soothwark, for avefhodof contiaetimi. 

F. Rapozo,. (of Lisbon,) London, construction 4^ cylinder and valvas. 

G. Quieroz, Diuidon, for a cylinder and valves. 

1799. J' 'WilkiciK>n„ Ca8tlehead> construction of boiler to save fuel. 



CitRONOLOOICAL MST OF PATENf ». 



M. Murray, L^eds, boiler, damper, horizontal cylinder. 
A. G. Eckhardt, for saving fuel. 

W. Miirdock, Redruth, cylinder — valvM — rotatory engine. 
James Burns, Glasgoiv, boiler — saving fuel. 
J* Bicbopt, Connecticut, for a rotatory engine. 
IBOO. Phincas Crowlher, Newcastle, crank and parallel motion. 

John and James Robertson, Glasgow, furnace to consume smoke — 
double cylinder. 

1801. E. Cartwright, Middlesex, portable engine. 
R. Wilcox, Bristol, rotatory engine. 

W. Hase, Saxtborpe, cylinder, boiler, &c. 

M. Murray, Leeds, pump for the separate discharge of air and water 

valves— parallel motion. 
Timothy Bramah, Pimlico, revolving cock. 

G. Medhurst, London, for converting circular into rectilinear motion. 

W. Symington, Kinnaird, rotative engine. 

1802. Trevithick and Vivian, high pressure engine. 
M. Murray, Leeds, portable engine. 
T.Saint, Bristol, boiler and furnace. 

J. Lewis, Briscombe, improved furnace. 

R. Wilcox, Bristol, furnace — boiler — engine. 

1803. J. Leach, Merton Abbey, construction of boiler. 
Arthur Woolfe, London, improved boiler. 
Bryan Donkin, Dartford, rotary engine. 

Wm. Freemantle, London, improvement in cylinder, valves, pump* 

1804. R.Wilcox, Bristol, improved boiler and furnace. 

Arthur Woolfe, London, improved engine — high pressure boiler. 

1805. James Rider, Belfast, improvements in cylinder — regulator. 
Jonathan Hornblower, Penryn, steam wheel. 

Wm. Earl, Liverpool, mode of working and constructing. 

James Stevens, London, improved boiler. 

Alexander Brodie, London, boiler and furnace. 

James Boaz, Glasgow, engine for raising water. 

Arthur Woolfe, London, improvements in piston, cylinder, &c. 

Ralph Dodd, London, mode of saving fuel. 

William Dcverall, Blackwall, boiler and furnace. 

Samuel Miller, London, various improvements. 

John Trotter, London, steam wheel. 

Andrew Flint, London, rotative engine. 

1806. William Lister, London, rotative engine. ' 
Ralph Dodd, London, various improvements. 

R- Wilcox, London, rotatory engine. 
W. Miller, London, improved furnace. 

1807. Allan Pollock, Glasgow, improved furnace. 
Henry Maudsley, London, portable engine. 

Dodd, economising heat. 

1808. Thomas Mead, rotatory engine. / 
James Linaker, Portsmouth, steam boat. 

tann T,* ^^'^^o"* certain improvements. , 

itHW. Mark Noble, Battersea, Improved engine. 

Edward Lane, Stoke-on-Trent, rotatory engine. 

J. F. Fesenmeyer, London, peculiar mode of constructing and workinc. 

Richard Leantlebury, Redruth, certain improvemenls. ' 

A*T*®* Manchester, rotatory engine. 

1810. Arthttr Wolfe, London, various improvements. 

W. Clerk, Edinburgh, regulation of heat. 

W. Chapman, Newcastle, rotatory engine. 

Richard Witty, of Hull, combination of the reciprocating rectilinear 
motion, with the rotative— two engines. 
■ oil 2**?"^° Adam, Connecticut, various improvements. 
ISn. Richard Witty, Hull, improvements upon former patent. 

Charles Broderip, London, various improvements. 



ClIBONOLOO.^.. ^»ST OF PATENTS. " 

W. Good, London, construction of valves. 
J. Trotter, London, improved application of steam. 
Henry James, Btrmingtiam, stcnm boat. 
1B13. John SuthcrJand, Liverpool, buiier. 

Bl. W. Fox and Joel Lean. Falmouth, Various improvements* 
Henry Hig^gtnsun, l^ondon, steam boat. 
Wiiliam Ouiuus, Fuulton, rotatory engine. 

1813. Robert Dunkin, Penzance, improved fuinace. 
W. Brunton, Buttcrly, various improvements, 
John Bartun, London, various improvements. 
John Sutherland, Liverpool, furnace. 
J.White, Leeds, various improvements. 

C. Brndrick, London, improved boiler. 

1814. W. A. Noble, improved engine. 

J. Rastrick, Bridgenorth, certain improvements. 

Thomas Tudal, York, steam carriages. 

John Slater, Birmingham, improved boiler* 

Dodd and Stephenson, Killingworth, steam carriages. 

1815. William Loch, Newcastle, furnace. 

11. Holdswurlh, Glasgow, certain improvements. 

M. Billin^slcy, Bradford, certain improvements. 

Richard Trevithick, Cnnibron, improved piston — rotative engine. 

W. Moult, London, improved furnace. 

J. Cutler, London, mode of supplying fuel. 

Marquis de Chabannes, saving fuel. 

1816. Dawes, Bromvrich, improved parallel motion. 

G. F. Mantz, Birmiughum, furnace fur consuming smoke. 
Bryan Donkin, Surry, boiler. 

Alexander Rogers, Halifax, mode of setting boilers to save fuel* 

John Barton, various improvements. 

Philip Taylor, Bromley, mode of applying heat. 

W. Stcineon, Colcford, improved engine. 

Robert Stirling, Edinburgh, improved furnace. 

Geerge Bodley, Exeter, various improvements. 

Joseph Turner, Layton, rotatory engine. 

John Neville, London, new mode of generating and applying steank 
Joseph Gregson, London, mode of supplying fuel, 
William Losh, Newcastle, improved furnace. 

1817. George Manwartng, London, various improvements. 
John Oldham, Dublin, steam-boat. 

Moses Poole, London, certain improvements. 
1811. William Moutt, London, certain improvements. 

Alexander Haliburton^ Lancashire* improved furnace. 

John Scott, Penge, steam boat< 

Philip Taylor, Bromley, application of beat. 

Munroe and Langton, certain improvements. 

Joshua Routledge, Bolton-le-moor, rotatory engine. 

William Church, London* certain improvements. 

William Johnston, London, furnace consuming smoke. 
1819. Marquis de Chabannes, London, boiler of tubes. 

Jones and Pllmley, Birmingham* certain improvements. 

John Malam, London, certain improvements. 

Sir W. Congreve, London, steam wheel. 

James Frazer, London, Junction of tunnels in a boiler. 

R. Wright, London, various improvements. 

John Seaward, London, mode of generating steam. 

William Brunton, Birmingham, revolving furnacp to consume smoke. 

George Killcy,Briggen, various improvements. 

John Pontifex, London, improvement on Savery'ti engine. 
1880. John Oldham, Dublin, additions to former patent. 

William Carter, Middlesex, certain improvements. 

John Barton, London, engines and boilers for propelling. 



CnmONOLOGICAL LIST OF PATENTS. 

John Hague, London, variom improvements. 
John Wakefield, Manchester, furnace and mode of feeding. 
William BruDton, Birmingham, additions to fonrer patent. 
Josiah Parkes, Warwick, fuinacc for consuming smoke— and les- 
sening the consumption of fuel. 
Job Rider, Belfast, rotatory engine. 
John Moore, Dublin, rotatory engine. 
W. Pritcbard, Leeds, furnace for consumption of smoke. 
1881. William Aldersay, Homcrton, substitute for the crank. 
Thomas Mastcrman, RatclifTo, steam and water wheel. 
Robert Stein, Lambeth, certain improvements. 
Robert Delhap, Belfast, rotatory engine. 

J)r. Henry Penneck, Penzance, lessening consumption of fueh 

Henry Brown, Derby, furnace for consuming smoke. 

Aaron Manby, Tipton, various improvements. 

Thomas Bennet, Bewdley, various improvements. 

Sir. W. Congreve, London, improvements on formef patent. 

Franz. Anton Egells, London, various improvements. 

Charles Broderip, London, various improvements. 

^ohn Gladstone, Castle Douglas, North Britain, improvements in 

steam vessels* 
Julius Griffith, Middlesex, locomotive steam carriages. 
1833. Richard Ormrod, Manchester, mode of setting boilers. 
G.H* Palmer, London, furnace for consuming smoke. 
George Stephenson, Long Benton, certain improvements. 
Alexander Clark, Louchars, Fife, improvements in boilers and con- 
densers. 

M.J. Brunei, Chelsea, certain improvements. 
Joseph Smith, Sheffield, improved boiler. 
John Stanley, Manchester, supplying furnaces with fuel. 
T^a|id J.Binns, Tottenham Court Road, steam engines and boilers. 
T. Leach, London, steam wheeL 
(Jacob Perkins, London, certain improvements 
Bainbridge and Thayer, rotatory engine. 
jl8S3. James Neville, Shad Thames, boiler and furnace. 

William Johnson, Great Totham, furnace and boiler for saving fuel, 
ftobert Copland, Clerkcnwell, new combinations for gaining power." 
N. Partridge, Stroud, mode of fixing boilders. 

ILH. Price, Neath Abbey, Glamorganshire, improved machinery for 
steam boats. 

William Jessop, Derby, metallic packing to piston. 

Jacob Perkins, London, boiler. 

Thomas Peel, Manchester, rotatory engine. 

Jacob Perkins, London, certain improvements on steam engines. 

Fisher and Horton, West Bromwich, boiler. 

W. Jukes, Great Russel Street, regulating supply of water to boilers. 

Bower apd QIand, Leeds, sleam engine without air-pump. 

William Wigston, Derby, various improvements. 

Robert Higgin, Norwich, method of consumiug smoke. 

James Larrey, Battcrsea, saving of fuel. 

James Christie, London, combination of fuel for furnaces. 

Jacob Perkins, London, furnaces and boilers. 

[Samuel Brown, London, engine for effecting a vacuum without tfee use 

of steam.] 
W.. Furnival, Droitwich, for a boiler. 
1^34* Rev. Moses Isaacs, steam engine, machinery, &c. 

Christie and Harper, peculiar combination of fuel for furnaces. 
Maurice do Jo ugh, Warrington, economising heat by combining a coko 

oven with a steam engine boiler. 
Samuel Hall, Basford, improved steam engine. 
George Vanghan, Sheffield, improved steam engine. 
J. T. Paul, Westminster, mode of generating steam. 
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W. II James. RfrmiDgham, locomotWc carriages.. 
John M*Curdy, Loodun, generatiog sityam. 
Philip Taylor, City Road, certain Improvements. 

W. Foreman, Bntb, rotatory engines. 

i'il'rru Alegre, Commercial Road, apparatus for generatiog Steam. 
Muudsli'y and Field, boilers for steam ve»!ielfl. 
John Mooret Bristol, ijiprovcmenta upon engine and apparatus* 
David Gordon, London, locomotive steam carriage. 
18^. Dr. Tillocli, iHlington, various improvements. 

Burstall and Hill, Surrey, locomotive steam carriage. 

[William Griftcnthwaitn, King's Place, Nottinghamshire, unproved air 

engine as a substitute for Hteam.] 
Ciljman and Sowerby, London, generating stenm. 
T. Sunderland, Blackheatb, new combination of fuel for furnaces. 
J. C. C. iladdatz, linvcnted by Dr. Albania improvements in steam 

engine. 

W. tL James, Birmingham, improved steam engine boiler. 

Tbompsion and Barr, London, certain improvements in producing steam. 
[M.J. Brand, London, machinery for obtaining powerby the expansion 

of the llquefiabic gases, as a substitute for the steam engine.] 
Jt^au Antoine Tessier, London, various improvements. 
[Thomas Howard, London, for an engine in which the vapours of 

alcohol and ether are employed in lieu of steam.] 
Josiah Batten, Bradford, locomotive steam carriage. 
Goldsworihy Gurney, Argyle Street, apparatus for generating steam. 
L- W. W right, Lambeth, rotatory engine. 
F. Halliday*, Ham, rotatory engine. 

Joseph Eve, Liverpool, rotatory engine, boiler, valve8,&c. 
J. M'Curdy, Strand, apparatus fur generating steam. 
1826. A. R. Lorent, London, application of steam. 

James Neville, Shad Thames, apparatus for generating steam. 
fSaroael Brown, Brompton, vacuum engine, addition to his former 
patent.] 

A. Buffam and J. M*Curdy, London, improvements in steam engines. 
Henry Higginson, St. Luke's, Middlesex, propelling boats by steam. 
Joseph L. Marie, Marquis de Combis, of Leicester Square, rotatory 

engine, and apparatus connected therewith. 
Robert Mickleham, London, certain improvements. 
William Hobinsun, Strand, propelling vessels by steam. 
[Count Adolphe Eugene de F jsen, of Westminster, pew engine for 

communicating power. 
J. B. Wilks, of Tandridge Hall, Surrey, producipg steam. 
Barstaii and Hill, of Leith, steam carriage. 
John Costigan, Collen, Louth, various improvements. 
Elijah Galloway, London, rotary engine. 
18527. James Frazer, Houndsditch, improved boiler. 
James Neville, Shad Thames, steam carriage. 

Robert Copeland,Wilmingtou Square, machinery for gaining power,** 

being additions to former patent. 
Robert Barlow, Chelsea, substitute for the crank. 
[R. and J. Stirling, Glasgow, improved air engines.] 
John White, Southampton, improved pistons and valves. 
[Sir W. Congreve, Strand, new motive power.] 
R.W. Fox and Joel Lean, likilmouth, various improvements. 
Jacob Perkins, London, certain improvements. 
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